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Revision Date: 06/14/01 
Page 1 of37 

STL STANDARD OPERATING PROCEDURE 

TITLE: SAMPLE RECEIVING AND SAMPLE CONTROL 

(SUPERSEDES: REVISION 6, 09/02/99) 

Prepared by: 

Reviewed by: 

Approved by: 

Approved by: 

Approved by: 

• 

Proprietary Infonnation Statement 

This documentation has been prepared by Severn Trent Laboratories (STL) solely for STL's own use and the use of STL's 
customers in evaluating its qualifications and capabilities in connection with a particu Jar project The user of this document 
agrees by its acceptance to return it to STL upon request and not to reproduce, copy, lend, or otherwise disclose its contents, 
directly or indirectly, and not to use if for any other purpose other than that for v/hich it was specifically provided The user 
also agrees that where consultants or other outside parties are involved in the evaluation process, access to these documents 
shall not be given to said parties unless those parties also specifically agree to these conditions. 

THIS DOCUMENT CONTAINS VALUABLE CONFIDENTIAL AND PROPRIETARY INFORMATION. DISCLOSURE, 
USE OR REPRODUCTION OF THESE MATERIALS WITHOUT THE WRITTEN AUTHORIZATION OF SEVERN 
TRENT LABORATORIES IS STRICTLY PROfflBriED. THIS UNPUBLISHED WORK BY STL IS PROTECTED BY 
STATE AND FEDERAL LAW OF THE UNITED STATES. IF PUBLICATION OF TfflS WORK SHOULD OCCUR 
THE FOLLOWING NOTICE SHALL APPLY: ©2000 SEVERN TRENT LABORATORIES, INC. ALL RIGHTS 
RESERVED. 



Sample Receiving and Sample Control SOP No. NC-SC-0005 
Revision No. 6J, 
Revision Date: 06/14/01 
Page 2 of 37 A 

TABLE OF CONTENTS 

1 Scope and Application 3 

2 Summary of Method 3 

3 Definitions 3 

4 Interferences 3 

5 Safety 4 

6 Equipment and supplies 4 

7 Reagents and standards , 5 

8 Sample collection, preservation and storage 5 

9 Quality control 5 

10 Calibration and standardization 5 

11 Procedure 5 

12 Data analysis and calculations 13 

13 Method performance 13 

14 Pollution prevention 13 

15 Waste management 13 

16 References 14 

17 Miscellaneous 15 

% 



Sample Receiving and Sample Control 

# 

SOP No. NC-SC-0005 
Revision No. 6J . 
Revision Date: 06/14/01 
Page 3 of 37 

1 SCOPE AND APPLICATION 

# 

1.1 It is the responsibility of Sample Receiving and Control personnel to perform the procedures described 
herein in full compliance with this SOP. 

1.2 It is the responsibility of the Laboratory Director, QA Manager, and departmental Supervisor of the 
facility to assure that the procedures described are performed in full compliance with this SOP. It is also 
their responsibility to supply adequate training, materials, and equipment to enable personnel to perform 
this SOP correctly. 

1.3 Analyst 

1.3.1 It is the responsibility of the analyst to provide the correct request(s) for bottles to the sample 
custodian by using the QuantlMS program, PSRQ24.01 (as described in section 5.3) and to return 
all bottles to the custodian. 

1.4 Sample Custodian 

1.4.1 It is the responsibility of the sample custodian or designee to fill all bottle requests in a timely 
fashion and document the transfers on the request/return forms (Appendix 17.1.6). 

1.4.2 It is the responsibility of the sample custodian or designee to correctly document the bottle 
information required (Appendix 17.1.6). 

1.4.3 It is the responsibility of the sample custodian or designee to ensure that the returned bottle is the 
same as the one relinquished and to return it to the proper storage area. 

1.4.4 This document accurately reflects current laboratory standard operating procedures (SOP) as of the 
date above. All facility SOPs are maintained and updated as necessary. 

2 SUMMARY O F M E T H O D 

2.1 Not applicable. 

3 DEFINITIONS 

3.1 Sample Custodian refers to sample control personnel or designee. 

3.2 Refer to the glossary in the Laboratory Quality Manual (LQM), latest version 

4 INTERFERENCES 

4.1 Not applicable. 
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5 S A F E T Y 

5.1 Procedures shall be carried out in a manner that protects the health and safety of all STL associates. 

5.2 Eye protection that protects against splash, laboratory coat, and appropriate gloves must be worn while 
samples, standards, solvents, and reagents are being handled. If personnel are required to perfoim any 
portion of the procedure in laboratory areas, appropriate personal protective equipment and precautions 
must be utilized. Disposable gloves that have been contaminated will be removed and discarded; other 
gloves will be cleaned immediately. {VITON gloves may be worn when halogenated solvents are used 
for extraction or sample preparation, nitrile gloves may be used when other solvents are handled. [Note: 
VnON is readily degraded by acetone; all solvents will readily pass through disposable latex rubber 
gloves.]} 

5.3 The health and safety hazards of many of the chemicals used in this procedure have not been fully 
defined. Additional health and safety information can be obtained from the Material Safety Data Sheets 
(MSDS) maintained in the laboratory. {The following specific hazards are known} The following 
specific hazards are known: 

5.3.1 The following materials are known to be corrosive: Sulfuric Acid, Nitric Acid, Hydrochloric Acid, 
Sodium Hydroxide. 

5.4 Exposure to chemicals must be maintained as low as reasonably achievable, therefore, unless they are 
known to be non-hazardous, all samples must be opened, transferred and prepared in a fume hood, or 
under other means of mechanical ventilation. Solvent and waste containers will be kept closed unless 
transfers are being made. 

5.5 The preparation of standards and reagents {and glassware cleaning procedures that involve solvents such 
as methylene chloride} will be conducted in a fume hood with the sash closed as far as the operation will 
permit. 

5.6 All work must be stopped in the event of a known or potential compromise to the health and safety of a 
STL associate. The situation must be reported immediately to a laboratory supervisor. 

5.7 This document accurately reflects current standard operating procedures (SOP) as of the date above. All 
facility SOPs are maintained and updated as necessary by the laboratory QA department. 

6 EQUIPMENT AND SUPPLIES 

6.1 Thermometers 

6.2 PPE such as gloves, lab coats, safety glasses, etc. 

6.3 Utility knives 

6.4 PH paper 
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6.5 Copier, printer, computer and label generator 

6.6 Carts 

7 REAGENTS AND STANDARDS 

7.1 Not applicable. 

8 SAMPLE C O L L E C T I O N , PRESERVATION AND STORAGE 

8.1 Not applicable. 

9 QUALITY C O N T R O L 

9.1 Nonconformance and Corrective Action 

9.1.1 Any deviations from QC procedures must be documented as a nonconformance, with applicable 
cause and corrective action approved by the facility QA Manager. 

10 CALIBRATION AND STANDARDIZATION 

10.1 Not applicable. 

11 PROCEDURE 

11.1 Any deviations from this procedure must be documented as a nonconformance, with a cause and 
corrective action described. 

11.2 The procedures listed in this document describe the responsibilities of Sample Control personnel in 
ensuring that data is transmitted correctly from the cHent samples to all personnel involved with sample 
analysis and review. 

11.3 The intent of the sample custodian maintenance program is to show custody of individual bottles based 
on workorder number as well as bottle control numbers. This program acts as an internal chain of 
custody. 

11.4 The sample control group opens each cooler and removes the enclosed sample documents. Coolers are 
prioritized based on rush status and expirable tests. If a COC (chain-of-custody) is marked rush, the 
following occurs: 

24 hour TAT - flag with red folder 
48 hour TAT - flag with blue folder 
72 hour TAT - flag with yellow folder 
1 week TAT - flag with green folder 

11.5 If tests on the COC are expirable, the cooler is marked with a manila folder. 
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11.6 Rush and expirable coolers are to be unpacked first and logged as soon as possible. The lab groups are 
to be notified with any rash 72 hours or less. 

11.7 The following information on the Cooler Receipt/ Narrative Form (Appendix 17.2.1). 

11.7.1 Presence of the custody seals on the outside of the cooler 

11.7.2 Presence of the custody papers inside the cooler 

11.7.3 The custody papers were properly filled out (ink, signed, match labels) 

11.7.4 The custody papers were signed in the appropriate place 

11.7.5 Presence of the shipper's packing slip 

11.7.6 Presence of packing material information: if yes, type of packing material 

11.7.7 Conditions of samples at receipt (chilled, etc.). 

11.7.7.1 If temp vial is present, it is used to take the temperature. The temperature of the temp 
vial is taken as soon as it is removed from the cooler. If a temp vial is not present, 
proceed to section 11.7.7.2. 

11.7.7.2 When a temp vial is not present the temp is taken by placing the thermometer probe 
between the coolant and the sample(s). If a coolant is not present, proceed to section 
11.7.7.3. 

11.7.7.3 If no coolant is in the cooler, the thermometer probe is placed between two sample bottles 
and the temperature recorded. 

11.7.7.4 If the temperature is outside 4°C ± 2°C, the anomaly is recorded on the cooler receipt 
form. The project manager is contacted when the temperature is >6°C. 

11.7.8 Bottles sealed in separate plastic bags 

11.7.9 Condition of bottles upon receipt (good condition, broken, etc.) 

11.7.10 Complete botUe labels (date, time, client ID) 

11.7.11 Information on bottle labels and tags agree with custody papers 

11.7.12 Correct bottles used for the tests indicated 

11.7.13 VOA bottles were checked for the presence of air bubbles. Any bubbles exceeding 6 mm in 
diameter are narrated and the PM is contacted. 
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11.7.14 Sufficient amount of sample sent in each bottle 

11.7.15 Samples were received via overnight courier, client drop off, or other means 

11.7.16 pH's are taken, on all preserved samples less Volatiles, TOC, and TOX by removing sample lids 
and using a droplet of sample from in the lid to test the pH. The pH's are then recorded on the 
cooler receipt form. The pH paper strips are then discarded. 

11.7.16.1 In determining if the sample is preserved to the correct pH for Navy samples, the sample 
custodian or receiving personnel must take an aliquot of sample out of the sample 
container either by pouring out a small aliquot or using a disposable pasteur pipette and 
place a drop of the sample on a pH paper strip. 

11.7.17 Purchased prepared vials of preservatives are used if samples are not at the correct pH. The pH is 
adjusted by adding the appropriate preservative in 5 mL increments up to a maximum of 20 mL or 
unless there is a reaction. Sulfides are preserved with 5 mL Sodium hydroxide and 1 mL Zinc 
acetate. The pH adjustment is noted on the cooler receipt form. 

11.7.18 The concentrations of the preservatives used: 

4N Sodium Hydroxide 
IN Zn Acetate 
1:1HCL(18%) 
1:4HN03(18%) 
1:2H2S04(33%) 

11.7.18.1 If the pH of Navy samples are adjusted, the sample custodian or receiving personnel must 
record on the cooler receipt form the laboratory assigned reagent ID number. 

11.8 The Sample Control person is to remove all sample containers. Any broken, leaking, or dirty sample 
containers are to be placed inside the fume hood. Dirty sample containers are to be cleaned 
appropriately, so as not to contaminate the sample storage area. The Sample Control person is to wear 
disposable latex gloves, safety glasses, and a lab coat while handling any samples. 

11.9 Any volatile sample(s) suspected (e.g., odor) or known (client information or site history) to be high in 
volatile concentration, the volatiles department will be contacted for pick-up and segregation of 
sample(s). 

11.10 The Sample Control person is to examine all documents and compare information from sample container 
labels and Chain-of-Custody Records to insure that there is no discrepancy between documents, ensuring 
that all documents are properly completed and signed. 

» 

11.11 If any problems or discrepancies are noted during the sample receiving process that compromise sample 
integrity, such as limited sample volume, sample identification cannot be determined from the COC, 
incorrect pH levels (or preservatives if known), or broken, leaking samples, the Project Manager is 
immediately notified. They in turn will contact the client in an attempt to solve discrepancies. 
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11.12 Expirable tests (hold time 48 hours or less) must be written on the top of the bottles from which they are 
to be analyzed. If more than one method exists for the analysis, the method must also be written. These 
bottles designated for expirable tests will be given directly to the wet chem lab group. 

11.13 All solid /soil samples received are split off for the total solid analysis. Splitting these samples is the 
responsibility of the receiving group. A small portion (approx. 5-10 grams) from each sample is put into 
a small plastic snap-top container designated for the TS analysis. If the TS container is not labeled with 
a QuantlMS label at the time of splitting off, the TS container must be labeled with handwritten client 
ID. Containers designed for VOC analysis must not be opened/used for TS aliquot. When only one 
solid container is received for VOC analysis, receiving group must not split off because of possible 
contamination or possible lost volatiles. An empty TS container with a QuantlMS label is given to the 
VOC analysis group for each solid. The VOC group will aliquot for the TS when they open container 
for analysis. TS plastic containers are placed into baggies by lot (project) and the baggies are put into a 
box inside the walk-in cooler door. 

11.14 If all samples recorded on the Chain-of-Custody Record were received by the laboratory and there are no 
problems observed with the sample shipment, the Sample Control person will sign the Chain-of-Custody 
Record in the "Received for Laboratory by:" box on the document. If problems are noted, sign for 
shipment and note the problems. All discrepancies are recorded on Cooler Receipt Forin. 

11.15 A quote must reflect what is on the chain-of-custody. Any discrepancies must be resolved by the project 
manager. Likewise, if there is not an associated quote in QuantlMs, the samples are placed on hold until 
a quote is completed by the project manager. 

11.16 In the event that a project is on hold until the next day or longer, all associated paperwork is placed into a 
black folder and all samples and black folder are put into cold storage. Any project that is on hold must 
be recorded on the dry-erase board posted on walk-in cooler door. 

11.17 The Sample Control person will enter each sample into the laboratory computer (QuantlMS), where a 
unique lot number is assigned to each project received, and sequential sample numbers are designated for 
each client identification within the lot. 

11.17.1 Lot Numbers: The lot number is nine characters in length and is based on the date of receipt Lot 
number A9J010121 is described as follows: 

A - STL location where the samples were received. 

(A = North Canton, B = Tampa, C = Pittsburgh, etc.) 

9 - Last digit of the year (i.e. 1999). 

J - Month (i.e. A = January, B = February, J = October, etc.) 

01 - The next 2 numeric characters identify the day of the month, in this case, the 
first day of the month. 
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0121 - The next 4 numeric characters are the sequential assignment of numbers 
specific to each lot received. Each day the first lot logged in receives the 
number "0101", the second lot receives the number "0102", etc.. 

For example: 

If four bottles were submitted under Client ID numbers AB100-AB103 and the laboratory 
identification number generated by the computer is A9K1(X)101, then the assigned 
laboratory number recorded on the Sample Log-In Sheet would be as follows. 

Client ID Sample Number 

AB 100 
AB 101 
AB 102 
AB103 

Assigned Laboratory Number 

A9K100101-001 
A9K100101-002 
A9K100101-003 
A9K100101-004 

11.17.2 

11.17.3 

Sample Numbers: The samples in each lot are assigned a sample number that is attached to the lot 
number and are reset at each new lot. For example: the first and second samples in the lot above 
are labeled A9J010121-001 and A9J010121-002. 

Sample Suffixes: Each sample also has a 1 character field (which is not a required field for all 
samples) called the suffix which identifies the sample as specified below. 

# 

Client Sample 

Method Blank 

Laboratory Control Sample 

Laboratory Control Sample Duplicate 

Matrix Spike 

Matrix Spike Duplicate 

Sample Duplicate 

Serial Dilution 

Sample Confirmation 

Post Digestion Spike 

Re-analysis 

no suffix 

B 

C 

L 

S 

D 

X 

P 

Y 

Z 

I 
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Example: A9J010121-001X is a sample duplicate for sample A9J010121-001. 

11.17.4 Work Order Numbers: Each test requested by the client for an individual sample receives an 
individual 8 digit work order number assigned by QuantlMS. Work order number A5WE1-2-1C is 
described as follows: 

11.17.5 

A5WE1 - In addition to the three digit sample identification described in 
4.7.2 (i.e. - 001 and - 002), the first 5 characters of the work order number also 
identifies each unique sample. This identification is generated in QuantlMS using 
a sequential logic that is beyond the scope of this SOP to describe. 

2 - The "modifier" indicates the type of run. In this case this is the second time 
the sample had to be run. If it needs reprepped and run again, the number would 
indicate a "3". The original analysis work order number assigns " 1 " to the 
modifier position. 

IC - The "suffix" is the identification of the specific test for that sample. The 
suffix in this case is not always sequential, but is unique to the test to be 
performed on the sample. 

Example: A5WE1-2-1C is the assigned 8 digit work order number for the 
reanalysis of the chloride test on the sample A5WE1. A5WE1-1-05 could be the 
8 digit work order number for the analysis of SW846 8270 on sample A5WE1. 

Each sample container with the same client ID has a unique number. Each container will be 
labeled with the same 5 digit work order number and then will contain a suffix beginning with -
001, -002, -003, etc. For example, if 5 containers are submitted from the same sample point and 
the LIMS-generated work order number is CREE4, LIMS will generate 5 labels: CREE4-001, 
CREE4-002, CREE4-003, CREE4-004, CREE4-005. The specific bottle number is the number 
used for sample request/removal paperwork. 

11.17.6 Expirable tests must be given to the lab groups the day they are received. The expirable 
test/method is written on top of the bottle and the bottle must be put in the red bin designated for 
expirables. The work order or sample ID must be recorded on the expirable logsheet - also must 
record the test to be mn, special method if necessary and the initials of the person relinquishing the 
sample. The wet chem lab group checks this bin throughout the day and is responsible for signing 
out the sample container when they take it. 

11.17.7 Once all sample containers have been properly labeled and all the information has been recorded 
by the Sample Lot Summary, the Sample Control person will place the samples into the proper 
storage locations. These locations are as follows: 

11.17.8 Organic extractable samples (Semivolatiles, Pesticides/PCBs) are to be placed into the walk-in 
refrigerators located in Sample Receiving. 

11.17.9 Volatile samples are to be stored in the double-door refrigerator located in the Sample Custodian 
area. 

% 
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11.17.9.1 Samples known or suspected to be of high concentration are not stored in these 
refrigerators. The applicable volatile group is contacted to obtain the samples for 
segregation. 

11.17.10 Inorganic samples are to be placed into the walk-in refrigerators located in Sample Receiving. 

11.18 Preserved metal samples are placed in a non-refrigerated room located in the Sample Custodian area. 
Metals samples that need to be lab filtered and preserved are stored in the walk-in cooler. All metals for 
Navy projects are stored in the walk-in cooler. 

11.19 One time procedural variations are allowedonly if deemed necessary in the professional judgment of 
supervision to accommodate variation in sample matrix, radioactivity, chemistry, sample size, or other 
parameters. Any variation in procedure shall be completely documented using a Nonconformance 
Memo and is approved by a Technical Specialist and QA Manager. If contractually required, the client 
shall be notified. The Nonconformance Memo shall be filed in the project file. 

11.20 Any unauthorized deviations from this procedure must also be documented as a nonconformance, with a 
cause and corrective action described. 

11.21 For clients who request a show of sample transfer from sample receipt to storage, a sample control 
record is completed (see Appendix 17.2.4 or Appendix 17.2.5). STL LIMS will generate this record for 
Expanded Deliverable and CLP designated samples. This record is also referred to as an internal chain of 
custody (COC). The form is completed as follows: 

11.21.1 Laboratory sample number - record/list the individual five digit work order number in this column. 
List all pertaining samples in the project lot. Use an additional sheet if necessary. Do not record 
multiple lots on a sample control record. 

11.21.2 Transferred by - record name of person making the transfer 

11.21.3 Date - record date of sample transfer 

11.21.4 Entered - "X" or "V" since samples are already logged into the UMs. 

11.21.5 Removed - leave blank since samples are not being removed 

11.21.6 Reason - record "storage" 

11.21.7 Date returned -leave blank 

11.22 The completed sample control record is attached to the summary package. The sample control record 
can be manually printed using the SAM S31 command in QuantlMS. Note: The report package for the 
lot must be "D" (Expanded Deliverable) or "C" (CLP) for the report to print. 

11.23 Samples are requested by an analyst through the QuantlMS program PSR024.0I. This program is 
accessed from the Sample Receiving Menu (SAM) by selecting option S24 (Sample Removal Requests). 
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Bottles are requested based on method code, workorder number, prep code, QA batch number, lot 
number, or method group. 

11.24 Each bottle has an associated lot number, sample workorder number, and bottle suffix number 
(Appendix 17.2.9). 

11.25 When an analyst requests bottles and exits the request program, a requisition (Appendix 17.2.6) prints in 
the custodian's work area. This requisition identifies the requestor and the method/parameter requested. 
The sample custodian fills the requisition, recording each bottie number on the form. The bottle(s) is/are 
signed out to the custody of the requestor by indicating the name and the date of transfer. The request is 
relinquished with the custodian's initials and accepted by the requestor's initials. 

11.26 When bottles are returned, the sample custodian records the return on the original requisition form and 
re-enters custody of the bottles to the sample control area. The custodian initials and dates the return on 
the form (Appendix 17.2.6). 

11.27 When sample botties are consumed in the analysis process, the empty container is returned to the 
custodian. The custodian marks a "C" by the appropriate sample on the request form to indicate a 
consumed sample (Appendix 17.2.6). 

A 

11.28 Samples returned after the custodian has left at the end of the day are placed in the walk-in cooler by a 
custodian designee and recorded as received by the custodian the next working day. 

11.28.1 All request forms remain in the sample custodian area while samples are being analyzed. The final 
form is also kept in the sample custodian area after samples have been analyzed and reported. 

11.28.2 When a sample custodian is not available, a designee gets the samples, and all request paperwork 
is completed properly. 

11.29 Subcontracting of samples 

11.29.1 

11.29.2 

11.29.3 

11.29.4 

Samples that are logged but not analyzed at the laboratory are subcontracted to different 
laboratories for analysis including other STL facilities. 

The LIMs system will automatically print a Sample Analysis Requisition for these samples upon 
completion of the log-in process (Appendix 17.2.7). 

This form contains information necessary for sample analysis. The original form is sent to the 
subcontracted laboratory and a copy is attached to the summary package. The Sample Analysis 
Requisition form must have a relinquished signature with a date and time. Any additional 
information necessary for sample analysis must be handwritten on the form (e.g. list of 
compounds, homogenizing of samples, limited quantity, etc.). In order to track subcontracted 
samples, the lab purchase order number on the Sample Analysis Requisition form must be 
recorded in the subcontracted sample PO book located in the receiving log-in area. 

For samples sent to a non QuantlMS lab a chain of custody form is filled out and accompanies the 
samples. ^9 
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11.29.5 A sample analysis request (SAR) can be printed from LIMS by entering the Lot Number. The 
SAR form can be found on Main Screen on receiving computer terminals. 

12 DATA ANALYSIS AND CALCULATIONS 

12.1 Not applicable. 

13 M E T H O D P E R F O R M A N C E 

13.1 Training Qualifications: 

13.1.1 The group/team leader has the responsibility to ensure that this procedure is performed by an 
associate who has been properly trained in its use and has the required experience. 

13.1.2 The only personnel authorized to execute this SOP are the Sample Log-In persons. 

14 P O L L U T I O N PREVENTION 

14.1 This method does not contain any specific modifications that serve to minimize or prevent pollution. 

15 WASTE MANAGEMENT 

15.1 All samples may be disposed of 30 days after the report date except for those samples associated with 
special client retention. Shelves are purged in chronological order. All lots on a specific shelf must be 
noted. If a lot can be disposed of, a disposal date must be recorded. 

15.2 Disposal dates are recorded on a print-out of lots according to a storage location. "When clearing samples 
that cannot yet be disposed of because of special client retention, samples are boxed or stored on carts. 
Stored samples must have a specific date listed in which samples can be disposed of, or a note that 
indicates "SAVE" and client name or reason. 

15.3 All lots assigned to a certain shelf can be obtained from QuantlMS. 

15.3.1 UTL-"Enter" 

15.3.2 Type "wrk" - "Enter" 

15.3.3 Type "2" by option 

15.3.4 Choose one query name and "Enter" 

15.3.5 SLOIS for metals shelves 

15.3.6 CLOIS for cooler shelves CI - C272 



Sample Receiving and Sample Control SOP No. NC-SC-0005 
Revision No. 6J , 
Revision Date: 06/14/01 
Page 14 of 37 

15.3.7 WLOIS for cooler shelves Wl-163 

15.3.8 Type " 1 " next to "select records" 

15.3.9 Enter the shelf location 3x where prompted (appears on two different screens). Then 
hit "Enter". 

15.3.10 Dates need to be updated every four to six months so shelf locations only print most 
recent lots assigned. 

15.3.11 "F3" to run query and "Enter". 

15.3.12 At save definition type "Y" and run option "2" and "Enter". 

15.4 Solid samples that can be disposed of are boxed and labeled "SOLIDS NOW." 

15.5 Liquid wastes that can be disposed of are boxed and labeled "LIQUID NOW." These boxes are taken to 
the facility waste building and drummed by the Health and Safety Coordinator or designee. 

15.6 Water samples that can be disposed of are placed on carts and purged down the drain in one of the 
following areas: sample receiving, wet chenustry, or extractions. 

15.7 Solvent waste must be disposed of in clearly labeled waste cans. 

15.8 Acid waste must be collected in clearly labeled acid waste containers. Solid materials (gloves, soiled 
paper products, etc.) are placed in the solid debris container. Do not put liquids in the solid waste 
container. 

15.9 Refer to the Laboratory Sample and Waste Disposal plan. 

15.10 Laboratory personnel assigned to perform hazardous waste disposal procedures must have a working 
knowledge of the established procedures and practices of STL. They must have training on the 
hazardous waste disposal practices upon initial assignment to these tasks, followed by an annual 
refi-esher training. 

16 REFERENCES 

16.1 STL Quality Management Plan (QMP), current version. 

16.1.1 STL Laboratory Quality Manual (LQM), current version. 

16.2 Associated SOPs and Policies, latest version 

16.2.1 QA Policy, QA-003 % 



Sample Receiving and Sample Control 

# 

SOP No. NC-SC-0005 
Revision No. 6J, 
Revision Date: 06/14/01 
Page 15 of 37 

16.2.2 Navy/Army SOP, NC-QA-0016 

17 MISCELLANEOUS 

17.1 Wherever "Sample Control" is mentioned in all SOPs, it is assumed to include the sample custodian or 
any alternate that is designated by the Sample Control Coordinator. 

17.2 Appendix: 

17.2.1 Cooler Receipt Form/Narrative 

17.2.2 Preservative Preparation 

17.2.3 Preservative Requirements 

17.2.4 Internal Chain of Custody - CLP 

17.2.5 Internal Chain of Custody - Regular Production Organic LIMS generated 

17.2.6 Sample Custodian Removal Request 

17.2.7 Sample Analysis Requisition 

17.2.8 Subcontracted PO Logbook 

17.2.9 Laboratory Generated Bottie Label 

# 
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17.1.1 

Example 

Cooler Receipt/Narrative Form 

J 
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STL Cooler Receipt Form/Narrative 

North Canton Facility 

Client: Project:. Quote#:. 

Cooler Received on: Opened on:. by: 

(Signature) 

Fedx D Client Drop Off D UPS D Airborne Q Other: 

Cooler D Safe Q Foam Box D Client Cooler Q Other: 

STL Shipper No#: 

# 

1. Were custody seals on the outside of the cooler and intact? 

If YES, Quantity Location 

Yes D No D 

Yes D No D NA n 

Yes D No n 

Yes D No D 

Yes D No D 

Were the custody seals signed and dated? 

2. Shipper's packing slip attached to this form? 

3. Were custody papers included inside the cooler and relinquished? 

4. Did you sign the custody papers in the appropriate place? 

5. Packing material used: 

Peanuts Q Bubble Wrap D Vermiculite Q Foam D None Q Other: 

6. Cooler temperature upon receipt °C (see back of form for multiple coolers/temp) 

METHOD: Temperature Vial • Between Coolant & Sample Container • Against Bottles • 

COOLANT: Wet Ice Q Blue Ice Q Dry Ice Q Water D None Q 

7. Were all the bottles sealed in separate plastic bags? 

8. Did all bottles arrive in good condition (Unbroken)? 

9. Did all bottle labels and tags agree with the custody papers? 

10. Were samples at the correct pH? 

Yes D No D 

Yes D No n 

Yes n No n 
Yes n No D NA n 
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11. Were correct bottles used for the tests indicated? 

12. Were air bubbles >6 mm in any VOA vials? 

13. Was a sufficient amount of sample sent in each bottle? 

Contacted PM Date: by: 

Yes n No n 
Yes n No n NA D 

Yes D No D 

via Voice Mail • Verbal • Other • 

Concerning:. 

V MACRO MACRO 

1. CHAIN OF CUSTODY 

SRIA Samples were received under proper custody procedures and without discrepancies. 

SRIB The chain of custody and sample bottles did not agree. The following discrepancies 
occurred. 

2. SAMPLE CONDITION 

SR2A Sample(s) 
holding time had expired. 

. were received or requested after the reconmiended 

SR2B Sample(s). . were received with insufficient volume 

SR2C Sample(s)_ were received in a broken container. 

3. SAMPLE PRESERVATION 

SR3A Sample(s) 
recommended pH level(s). 

were further preserved in sample receiving to meet 

SR3B Sample(s)_ .were received with bubble > 6 mm in diameter (cc: PM) 

4. NCM 

SR4A NCM has been generated. Refer to Clouseau for details 

5. Other Anomalies (see below or back) 



Sample Receiving and Sample Control 

^V 

SOP No. NC-SC-0005 
Revision No. 6J, 
Revision Date: 06/14/01 
Page 19 of 37 

STL Cooler Receipt Form/Narrative 

North Canton Facility 

Client ID .£H. Date Initials 

^ ^ ^ 

Discrepancies Cent. 

Macro Name: 

Macro Name: 

Macro Name: 

Macro Name: 

Other Anomalies: 

# 
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17.1.2 

Preservative Preparation 

J 
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Preservative Preparation 

(If purchased preservative solution vials are not used) 

1:1 Hydrochloric Acid (18%): Slowly add 1000 mL concentrated HCl to 1000 mL reagent water and 
mix. Store in a well labeled plastic coated acid bottle. 

1:2 Sulfuric Acid (33%): 

^ ^ 
NOTE: 

In a 2000 mL beaker, SLOWLY and CAREFULLY add 500 mL 
concentrated H2SO4 to 1000 mL reagent water and mix. A cool water 
bath may be needed to cool the solution and beaker. Store in a well 
labeled plastic acid bottle. 

All preparations must be performed in a hood and proper personal 
protective equipment must be worn. All reagents and final preservative 
solution must be documented in applicable reagent logbooks. 

0 
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17.1.3 

Preservative Requirements 

% 
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PRESERVATIVES, CONTAINERS, AND VOLUMES 

^ r 

m 

Parameter 

Asbestos 

Acidity 

Alkalinity (Sep) 

BOD 

Carbonaceous BOD 

Bromide (Br) 

Chloride (CI) 

Chromium, ** 

R. Chlorine 

Color 

Conductivity 

Corrosivity 

Dissolved Oxygen 

Fecal Coliform 

Flashpoint 

Fluoride 

Nitrate 

Nitrite 

pH 

Container 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

G 

P 

G 

P 

P 

P 

P 

Preservative''^ 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Volume 

250 mL 

250 mL 

250 mL 

250 mL 

250 mL 

250 mL 

250 mL 

250 mL 

100 mL 

50 mL 

250 mL 

250 mL 

300 mL 

125 mL 

100 mL 

250 mL 

250 mL 

250 mL 

50 mL 

Parameter 

Radiological 

Alpha, Beta, Radium 

Hardness 

Metals 

Dissolved Metals* 

Total Organic Carbon 
(TOC) 

Chemical Oxygen Demand 

Total Organic Halogens 

COD 

Ammonia Nitrogen (NHj) 

TKN 

NitrateTNitrite 

Oil & Grease 

Phenols 

Total Phosphorus 

TON 

TRPH-IR 418.1 

VOC 601 

VOC 8010 

Container 

P 

P 

P 

P 

G 

P 

G 

P 

P 

P 

P 

G 

G 

P 

P 

G 

G 

G 

Preservative '"̂  

HNO3 

HNO3 

HNO3 

HNOj 

HCl 

HjSO^ 

H2SO4 

HjS04 

H2SO4 

H2SO4 

H2SO4 

H2SO4 

H2SO4 

H2SO4 

H2SO4 

HCl 

HCl 

HCl 

Volume 

4 L 

250 mL 

I L 

I L 

2x40 
mL 

250 mL 

250 mL 

250 mL 

500 mL 

IL 

250 mL 

I L 

1 L 

250 mL 

I L 

2 L 

3x40 mL 

3x40 mL 
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PRESERVATIVES, CONTAINERS, AND VOLUMES 

Parameter 

Elemental PO4 

Orthophosphate 

TDS 

TSS 

Total Solids 

TVS 

T. Coliform 

Settleable Solids 

Silica 

Sulfate 

Sulfite 

Surfactants (MBAS) 

Turbidity 

TPH-GC 

BNAs 

BNA + Dioxin 

PNA/PAH 

Pesticides 

Reactive Cyanide 

Reactive Sulfide 

PCB 

Container 

G 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

G 

G 

G 

G 

G 

P 

P 

G 

Preservative'"^ 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

Volume 

250 mL 

250 mL 

250 mL 

250 mL 

250 mL 

250 mL 

125 mL 

IL 

250 mL 

250 mL 

250 mL 

250 mL 

250 mL 

2 L 

2 L 

2 L 

2 L 

2 L 

I L 

I L 

2 L 

Parameter 

VOC 624 

BTEX 8020 

VOC 8240 

THM/502.2 

502.2 

VOC 624 

VOC 602 

465 C & D 

BTEX 8021 

VOC 

VOC 8260 

VOC and VOA 

VOC 8010/8020 

Total Cyanide 

Amenable Cyanide 

Free Cyanide 

Sulfide 

Formaldehyde 

Carbonate 

Bicarbonate 

TPH - Diesel (Ext.) 

Container Preservative '"̂  Volume 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

G 

P 

P 

P 

P 

G 

P 

P 

G 

HCl 

HCl 

HCl 

HCl 

HCl & Asc. 
Acid 

HCl 

HCl 

HCl 

HCl 

HCl 

HCl 

HCl 

HCl 

NaOH' 

NaOH 

NaOH 

Zn Acetate & 
NaOH 

None 

None 

None 

None 

8x40 mL 

3x40 mL 

3x40 mL 

2x40 mL 

2x40 mL 

3x40 mL 

3x40 mL 

4 x 4 0 ^ 

3x40 mL 

3x40 mL 

3x40 mL 

3x40 mL 

3x40 mL 

250 mL 

250 mL 

250 mL 

I L 

500 mL 

250 mL 

250 mlJ 

2 L 
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^F 

PRESERVATIVES, CONTAINERS, AND VOLUMES 

Parameter 

Pesticides + PCBs 

Herbicides 

OPPs 

Contair 

G 

G 

G 

ler Preservative 

None 

None 

None 

•y Volum 

2L 

2L 

2L 

e Parameter 

TPH - Gasoline (P&T) 

Glycols 8015 

BTEX & MTBE 

601/602 

Contair 

G 

G 

G 

G 

ler Preservativt 

HCl 

None 

HCl 

HCl 

: '-̂  Volume 

2x40 mL 

2x40 mL 

3x40 mL 

3x40 mL 

* Filtered in field 

' HCl, HNO3, and H2SO4 to pH < 2. NaOH to pH > 12 

^ Temperature = 4°C ± 2°C except for aqueous metals 

' Samples to be analyzed for Cyanide should be field-filtered for Residual Chlorine. If Residual Chlorine is detected, ascorbic acid (0.6 g) 
should be added. 
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17.1.4 

Example 

Internal Chain of Custody - CLP 

# 
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Client:. 

STL North Canton 

Sample Control Record 

Case Number/SDG: 

Storage Location: 

^ T -

Laboratory 

Sample Number 

1. 

2. 

3. 

1. 

5. 

6. 

7. 

8. 

9. 

10. 

Transferred 

By 

Date Entered Removed Reason Date 

Returned 

^V 
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17.1.5 

Internal Chain of Custody 

Regular Production-Organic 

• 
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Client: 

S T L N o r t h C a n t o n 

Sample Control Record 

Case Number/SDG: 

Storage Location: 

Laboratory 

Sample Number 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Transferred 

By 

Date Entered Removed Reason Date 

Returned 

# 
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17.1.6 

Example 

Sample Custodian Removal Request Form 

(LIMS Generated) 

m 
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PSR024 6/18/01 1?:05:28 MT 

RFCUESrED 3T: KUHUJ 

MTHOO: .HL H fc -o jen , Aimionia t rsE - 350.3) 

SAMPLE CUSTDOIAM REHOVAL REQUEST PACE 803 

STORAGE LOCATiON WORK OROER « 

PICKED 

CWTRi» CC-HTROl. * ClIEWT 4 ANALYSIS LOTID SHP# SFX 

HATRiX 

0E5CRIPT!0N 

C100 

CI 00 

C!02 

CJ02 

C102 

C102 

cm 

c m S7& 

c m S74 

c m S76 

c m s'/6 

c m S76 

c m S76 

c m S76 

C115 

C95 

EEHKf-1-AJ 

•^cEHKR-!-AJ 

EEKVM-1-AJ 

~~eEICW7-!-AJ 

"*~£EKU8-(-AJ 

"*~EEKXC-.;-AJ 

~~-EETJ0-1-AG 

~~€ETJC-I-AC 

•"-•EETJK-1-AS 

•^•EHTJL-I-.AT 

•*~EFrjH-1-AC 

•~^ETJO-!-AC 

^^£ETJT-1-AC 

^"VEET.'U-l-AC 

•'^"EETUR-l-AJ 

" ^ E E f Z T - l - A A 

RELIWOUISHEO Bf 

^ 69O40 0029&2 1-88-HL A1f070186 001 

69011 002962 I-SS-HL A1Fa701B6 002 

6943C2 002962 I-aS-Hl A1f08015i 001 

_ ^ 694343 002942 I-SS-Hl A1F08015< 002 

^ 6943«4 00296Z I-as-HL A1f080154 003 

2 ^ t'9'.m 002962 I-as-HL A1F080154 004 

£ " 6 9 4 3 5 3 057251 l -88- in. A1.«13015e 019 

> - ^ 9 4 3 4 6 057251 r-a8-HL A1F130158 012 

_ J ^ 694347 057251 t-88-HL A1F130158 013 

I 

I ( P 694348 057251 1-88-HL A1F130158 014 

2^ 
'^ 694351 

1 

\ \ 

> 

694349 057251 I-SS-HL A1FI30i;8 015 

694350 057251 I-S8-HL A1F130158 016 

057251 1-88-HL A1F^30158 017 

694352 057251 I-68-HL A1F1301S8 018 

694354 435004 1-68-HL X1F130208 001 

694339 056426 1-88-HL A1Fe60238 00! 

RECEIVED gr \M 
J 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

WATER 

OATE/TIME 

QTT QTV 

RCVO RtOO 

ick ^r .~{ ' \ -o \ 

# 

EMO Of REPOR: 
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17.1.7 

Example Sample Analysis Requisition 

m 
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LABORATORY: 

Severn Trenc Laboratories, Inc 
SAMPLE ANALYSIS REQUISITION 

STL Sacramento 
680 Riverside Parkway 
West Sacramenco 

MEED ANALYTICAL REPORT BY 
7/23/01 

CA 9560S,EZZ OL 

ATTN: 

LAB PUKCKASE ORDER: SR031834 

CLIENT CODE: 406422 PROJECT MANAGES: David S. Heakin 

NUMBER OF SAMPLES IN LOT: 0002 

SAMPLE I.D. 
A1F260180-001 
ErHTA-1-AA 

A1F2S0180-002 
EKHTD-1-AA 

SAMPLING DATE 
6/25/01 

6/25/01 

ANALYSIS REQUIRED 
Perchlorace (314.0) 
(ICCL04 I) METHOD: 314.0 

Perchlorace (314.0) 
(ICCL04 I) METHOD: 314.0 

B ^ ^ 
NEED DETECTION LIMIT AND ANALYSIS r>ATE INCLUDED IN REPORT. 

SHIPPING METHOD: AIRBORNE DATE: 6/26/01 

SEND REPORT TO: DAVE KEAKIN 

SAMPL6 RECEIVED BY: ' DATS: 

PLEASE SEND A SIGNED COPY OF THIS FORM WITH REPORT AT COMPLETION OF ANALYSIS. 

THANK YOU. 
STL North Caneon 

6/2S/01 12:12:06 
STL North Canton 

INT: 
STL Sacramento 
880 Riverside Parkway 
West Sacramento CA 9560S,EZZ OL 

RELINQUISHED BY: /0)T\(i^ / .~> 
^ ^ - ^ 

RELINQUISHED BY: 

RECEIVED FOR LAB BY: 

DATE/TK-IE: l i ? / 5 C e / ' ^ ' j B ^ 

DATE/TIME: 

DATE/TIME; 

PLEA.SS RETURN ORIGINAL SAflPLE Afr.SLYSIS REQUISITION 

# 
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17.1.8 

Example Subcontracted PO Logbook 
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Laboratory: 

Sample 1.0. 

A1E310129-1 

A1E310129-1 

A1E310I29-2 

/^lE310129-2 

A1E310129-3 

AIE310129-3 

STL Austin 
Client Code: 

Work Order KXjmber 

ED6T6 

ED6T6 

ED6VR 

ED6VR 

ED6VT 

ED6VT 

390133 

Client Somole ID 

HMW-2 

HMW-2 

HMW-3 

HWW-3 

HMW-3A 

HMW-3A 

Severn Trent UoborotoritJ. Ine 
SAMPLE ANALYSIS REQUISITION 
Lab Request SR031273 

Project fMno3cr: 

SomolinQ Date 

2001-05-30 

2001-05-30 

2001-05-30 

2001-05-30 

2001-05-30 

2001-05-30 

Need Analytical Report 
ALESIA DANFORD 

Analysis Reouired 

Dissolved Soses in Wotcr 

Dissolved 6ases in Water 

Dissolved Gases in Water 

Dissolved Soses in Water 

Dissolved Sases in Water 

Dissolved Soscs in Water 

2001-06-14 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L . 

mg/L 

^ 

Need detection limit end onalysi5 dote included In report. 

Pleoie und o signed c o p v ^ this focn with the report at completion of analysis. 

Relintuiahed by: ^ ^ O - ^ C Zj y = > tmttJ^me: 

Relinquished by: Oofe/rime: 

Received for lob by: _ ^ Oote/Time: 

Shipping Method: 

aU'/^^l C^'"^ 

PLEASE RETURN 0RI6INAL SAMPLE AMALYSIS REQUISITION 
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17.1.9 

Laboratory Generated Bottle Label 

m 
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î^ 

CT656-001 375241 
A9C310142-001 3/30/95 
3 VIALS 8*42 
614MH001-4 

MS 

# 
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Director, Quality Assurance Vice President, Operations Services 

Ouanterra Incorporated® 

COMPANY-WTOE 

Rev. 2,07/13/98 
Supersedes: Revision 1 

POLICY NAME 

Quanterra® Quality Control 
Program 

Policy*: QA-003 

O 
OBJECTIVE: 

This policy describes the Quanterra® program of routine analytical quality control (QC) activities. 
The objective is to generate QC data that demonstrate that the analytical process is in control and that 
the data meet client and method requirements. 

SCOPE: 

This policy is to be enforced and followed throughout the company. 

POLICY: 

1.0 Assessments of QC data relative to conU-ol limits determine the acceptability of sample test 
results. Whenever control criteria are not met, the data must be evaluated to determine 
appropriate corrective action. The initial evaluation is made by the analyst, frequently in 

« 

PROPRIETARY INFORMATION STATEMENT • 

This document has been prepared by and remains the sole property of Quanterra Incorporated®. It is submitted to a client or 
government agency solely for its use in evaluating Quanterra's® qualifications in connection with the particular project, 
certification or approval for which it was prepared, and is to be held proprietary to Quanterra®. 

The user agrees by its acceptance or use of this document to return it upon Quanterra's® request, and not to reproduce, copy, 
lend or otherwise disclose or dispose of the contents, directly or indirectly, and not to use it for any purpose other than that 
for which it was specifically furnished. The user also agrees that where consultants or others outside of user's organization 
are involved in the evaluation process, access to this document shall not be given to those parties, unless those parties also 
specifically agree to these conditions. 

©1996, Quanterra Incorporated® 
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% 

conjunction with data review software and /or senior analysts or supervisors. Further 
technical evaluation of the data or data review software output is conducted by second-party 
data reviewers. Corrective action decisions, particularly whether or not to reanalyze samples, 
should be done in consultation with the client to the extent possible when operating under 
project-specific QA plans. Requirements for assessment and corrective action are described 
in the attachments to this policy. Details concerning technical data review and 
documentation of the reviews are described in 'Technical Data Review Requirements" 
(Policy QA-012). 

2.0 Quanterra's® standard QC program is to be communicated to the client prior to acceptance 
of work. At the same time, every effort must be made to understand clients' special project 
requirements. Generally, laboratory project managers serve as a liaison between the clients 
and the laboratory staff to ensure that requirements are properly communicated in writing to 
both parties. In the event that alternative QC procedures are not specified by our clients, 
these standard QC protocols must be followed to ensure the generation of legally and 
scientifically defensible analytical data. 

3.0 Successful implementation of this QC program requires that it is clearly understood by all ^ H ^ 
Quanterra® staff. Training based on this policy will be conducted at each Quanterra® ^ H F 
facility and provided to new personnel as appropriate for their functions. 

4.0 Quanterra's® QC program applies to the following regulatory programs: 

4.1 RCRA and SW-846 Methods - All routine analytical projects performed using SW-
846 methods must comply with the requirements described in Quanterra's® Quality 
Assurance Management Plan (QAMP, Tables 8.4-2 through 8.4-6) and Attachment I 
to this policy. The Quality Control sections of analytical standard operating 
procedures (SOPs) referencing SW-846 methods must be consistent with the 
requirements in Attachment I 

4.2 CWA and 40 CFR Part 136 Listed Methods - Any analytical work conducted in 
support of an NPDES permit or other Clean Water Act compliance activities, must 
meet the quality control specifications shown in Quanterra's® QAMP tables 8.4-2 
through 8.4-6. The quality control requirements for the specific methods listed in the 
QAMP define the minimum requirements that must be given in laboratory analytical 
SOPs. 

4.3 CERCLA and CLP Methods - Projects performed using USEPA Contract 
Laboratory Program (CLP) methods must comply with the quality control ^ ^ ^ 
specifications shown in Quanterra's® Quality Assurance Management Plan (QAMP^^Bp 
table 8.4-7. The quality control sections of the SOPs referencing CLP protocols must 
be consistent with the QAMP and the relevant CLP Statement of Work. 

©J 996, Quanterra Incorporated® 
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4.4 Other Programs or Projects with Clearly Defined QC Requirements 

4.4.1 The differences between Quanterra's® standard QC program and special 
project requirements must be specified in project documents. These 
documents may include Quality Assurance Project Plans (QAPjPs), Quality 
Assurance Program Plans (QAPPs), Sampling and Analysis Plans (S APs), 
project-specific Quality Assurance Sunmiaries (QASs), SOPs, contracts, or 
other approved documents. 

4.4.2 Documents describing special project requirements must be reviewed and 
approved by appropriate QA and operations staff. 

4.4.3 If the special project requirements appear to result in modifications that 
contradict federal or state regulatory requirements, the variance must be noted 
in writing and communicated to the client. A record of this communication 
must be retained as a permanent part of the project file. 

4.4.4 Any special client's project requirements must be communicated to 
Quanteira's® analysts in advance of releasing samples for analysis, and the 
work must be clearly differentiated in the analytical documentation, otherwise 
Attachment I requirements will be followed. 

4.5. Projects Without Specific QC Requirements 

Any projects for which no specific QC program is specified, regardless of the soiirce 
of the analytical methods being used, must follow the requirements shown in 
Attachment I. 

4.6 Radiochemistry QC 

General QC requirements for radiochemistry analyses are provided in Attachment II. 

• 
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ATTACHMENT i 

QUANTERRA® QUALITY CONTROL PROGRAM 

1.0 Introduction 

This quality control (QC) program is based on the requirements in 'Test Methods for Evaluating 
Solid Waste", USEPA SW-846, Third Edition with promulgated updates. It applies whenever 
SW-846 analytical methods are used. It also applies in whole or in part whenever project 
requirements fail to specify some aspect of QC practices described here. It does not apply when 
other well defined QC programs (e.g. CLP, CLP-like, AFCEE, ACOE, or NFESC) are specified. 
This policy represents Quanterra's® base QC program for environmental analyses. 

Details concerning instrument calibrations, tunes, and QC that are required for specific methods 
(e.g., interference check samples for ICP and isotopic spikes for dioxin procedures) are not given 
here. Refer to the method standard operating procedures (SOPs) for information about the 
frequency, assessment and corrective action required for additional QC elements. 

2.0 Definitions 

2.1 QC Batch - The QC batch is a set of up to 20 field samples plus associated laboratory Q M | ^ 
samples that are similar in composition (matrix) and that are processed within the same ^ E v 
time period using the same reagent and standard lots. 

2.2 Surrogates - Surrogates are organic compounds similar in chemical behavior to the target 
analytes, but that are not normally found in environmental samples. Surrogates are added 
to all samples in a batch to monitor the effects of both the matrix and the analytical 
process on accuracy. 

2.3 Method Blank - The method blank (MB) is a control sample prepared using the same 
reagents used for the samples. As part of a QC batch, it accompanies the samples through 
all steps of the analytical procedure. The method blank is used to monitor the level of 
contamination introduced to a batch of samples as a result of processing in the laboratory. 

2.4 Instrument/Calibration Blank - The instrument blank is prepared using the same solvents 
and reagents (e.g. hexane, methylene chloride, or reagent water) used to dilute the prepared 
sample extracts or digests. Unlike the method blank, it is analyzed without being subject 
to the preparation steps of the analytical procedure. It is used to monitor laboratory or 
reagent contamination introduced at the instrumental analysis phase of work. For 
procedures without a separate preparation step, an instrument blank is equivalent to the 
method blank, and serves the same purpose. 

% 
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2.5 Laboratory Control Sample - A laboratory control sample (LCS) is prepared using a well 
characterized matrix (e.g. reagent water or Ottawa sand) that is spiked, with known 
amounts of representative analytes. Alternate matrices (e.g. glass beads) may be used for 
soil analyses when Ottawa sand is not appropriate. As part of a QC batch, it accompanies 
the samples through all steps of the analytical process. The LCS is used to monitor the 
accuracy of the analytical process independent of possible interference effects due to 
sample matrix. 

2.6 Matrix Spike and Matrix Spike Duplicate 

2.6.1 Matrix Spike - A matrix spike (MS) is a replicate portion of one field sample in the 
QC batch that is spiked with known amounts of target analytes. An MS is spiked 
with the same analytes at the same concentrations that are added to the LCS. As 
part of the QC batch, it accompanies the field samples through all steps of the 
analytical process. 

2.6.2 Matrix Spike Duplicate - A matrix spike duplicate (MSD) consists of an additional 
portion of the same sample used to prepare the MS. This portion is spiked and 
processed exactly as is the MS. 

2.6.3 The MS and MSD results are used to determine the effect of the sample matrix on 
the precision and accuracy of results. Due to the potential variability of the matrix 
of each sample, the MS and MSD results may not have immediate bearing on any 
samples except the one spiked. 

2.7 Sample Duplicate - A sample duplicate (DU) is a second aliquot of an environmental 
sample, taken from the same sample container when possible, that is processed with the 
first aliquot of that sample. That is, sample duplicates are processed as independent 
samples within the same QC batch. The sample and DU results are compared to determine 
the effect of the sample matrix on the precision of the analytical process. As with the 
MS/MSD results, the sample/DU precision results are not necessarily representative of the 
precision for other samples in the batch. 

2.8 Duplicate Control Sample - Duplicate laboratory control samples (LCS/LCSD, also 
called a DCS pair) consist of a pair of LCSs analyzed within the same QC batch to 
monitor precision and accuracy independent of sample matrix effects. This QC sample is 
prepared at the request of the client and/or when insufficient sample volume is received to 
prepare and analyze an MS/MSD pair. DCS is intended to provide information regarding 
the precision of the measurement process. 

3.0 Batch QC Elements & Batch Processing 

3.1 A QC batch is designed to determine the quality of the analytical results obtained for a 
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% 
group of up to 20 field samples in terms of accuracy and precision. With some 
exceptions as described in Sections 3.6 through 3.8 below, the minimum QC elements for 
each QC batch are 

• one method blank (MB), 
• one laboratory control sample (LCS), 
• one matrix spike (MS), and 
• one matrix spike duplicate (MSD). 

3.2 The identity of each QC batch must be documented and traceable, i.e., each batch of field 
samples must be clearly associated with the applicable QC samples. 

3.3 To the extent possible, samples that require a preparation step should be analyzed together 
with their associated QC samples. If the samples in a given QC batch require separate 
analytical runs, the minimum batch QC in each run is an acceptable MB or 
instrument/calibration blank. To the extent possible, the QC samples should not be 
analyzed independent of the field samples on a different instrument. 

3.4 For analytical procedures that do not include a separate extraction or digestion (e.g., 
volatile organic analysis by purge and trap), the QC batch must be analyzed sequentially 
using the same instrument and instrument configuration within the same calibration evem 
That is, the same calibration curve, calibration factors, or response factors must be in 
effect throughout the analysis. 

% 

3.5 Field QC samples (e.g., trip blanks, equipment rinsates, and field duplicates) count as 
individual samples, therefore, they add to the QC batch count. Samples that require 
simple reanalysis (e.g., dilutions to adjust a sample extract to the working range of the 
instrument), as opposed to reextraction or digestion and reanalysis, do not count as 
additional samples in the QC batch. For procedures without a separate preparation, a 
reanalysis within the same calibration event (as defined in Section 3.4) does not add to the 
batch count. 

3.6 MS/MSD pairs are not the only acceptable means of demonstrating precision. 

3.6.1 As requested by clients or required by some methods, batch precision may also be 
demonstrated through the analysis of sample duplicates (DUs). However, the 
client should be advised that a DU is less likely to provide usable precision 
statistics depending on the likelihood of finding concentrations below reporting 
limits. 

3.6.2 A duplicate LCS (DCS) may be used to demonstrate method batch precision 
independent of client's matrix when the client has not supplied sufficient sample 
quantity to prepare an MS, MSD or DU, if requested by the client. 
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3.6.3 On-going monitoring of LCS results can be used to determine long-term (a.k.a., 
between batch) precision and accuracy for a method. 

3.7 Some methods including isotope-dilution methods, pH and ignitability for example, do not 
use all of the QC elements listed in Section 3.1. Method exceptions to these requirements 
are listed in the QC tables of Quanterra's® QAMP and in the laboratory's analytical SOPs. 

3.8 Deviations from these QC elements must either be noted in project planning documents 
(QAPPs, QAPjPs, S APs, SOWs, QAS, or equivalent) or in a NCM. 

4.0 Data Evaluation and Corrective Action 

4.1 General Guidelines 

4.1.1 Any QC component that is outside of established control limits is considered an 
out-of-control event. All out-of-control events must be documented and the 
associated data evaluated. Depending on the specific circumstances, evaluation can 
lead to a variety of actions. The following sections and the flowcharts describe the 
appropriate corrective action for the most common QC failures. However, it is not 
possible to address all possible data evaluation scenarios in this policy. The guiding 
principle for all evaluations is that the data and corrective action decisions must be 
defensible using Quanterra® policies, procedures or scientific evidence, and 
justified in the project records. 

4.1.2 If reanalysis for QC failures is conducted and the second analysis confirms a QC 
problem that is outside of the laboratory's control, further testing is not necessary. 
The problem must be documented and the data properly qualified in the project 
report. 

4.1.3 QC failures that are not corrected by reanalysis are documented in NCMs or using 
an electronic anomaly system as described in SOP # CORP-QA-0010. This does 
not include QC failures due to sample matrix interferences (particularly MS, MSD 
and sunrogate failures). These failures are a function of the method used and are 
normally outside of the laboratory's control; trending via NCMs is not required. 
Other forms (for example, data review checklists) may be used to document matrix 
QC failures. 

4.1.4 When ongoing, systematic problems are identified, work must stop until it can be 
demonstrated that the system is in control again. 

# 
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4.2 Method Blank (MB) Evaluation (also see Figure 1) 

4.2.1 Method Blank Acceptance Criteria 

4.2.2 

The results of the method blank shall be one of the QC measures used to assess batch 
acceptance. Results are acceptable if all analyte concentrations in the MB meet the 
following criteria: 
• The blank contamination is less than 1/10 of the measured concentration of any 

sample in the associated preparation batch , or 
• The blank contamination is less than the concentration present in the samples and is 

less than 1/10 of the regulatory limit, or 
• The same contaminants were not found in the associated samples, or 
• MB results are less than or equal to the reporting limit. 
Note: Positive method blank results slightly below the reporting limit should sdll be 

evaluated by the analyst for potential impact on sample results at or near the 
reporting limit 

Corrective Action for Method Blank Failure 
• If the method blank does not meet the acceptance criteria, the source of contamination 

must be investigated and measures taken to correct, minimize or eliminate the 
problem. Samples associated with the contaminated blank shall be reprocessed for 
analysis or, under the following circumstances, may be reported as qualified (qualifier 
flags or narrative comments): 

• MB contamination at a level less than the reporting limit with sample results at level 
near the RL, based on analyst's judgement shall be flagged, or 

• Analyte concentrations in samples are greater than 10 times blank contamination, or 
• The contaminate is a common blank contaminate (see below) and the MB 

concentration is less than 5 times the RL for organics or less than 2 times the RL for 
inorganics. 

% 

Common Laboratory Contaminants: 

Analyte 

Methylene Chloride 

Acetone 

2-Butanone 

Phthalate Esters 

Copper 

Zinc 

Iron 

Method 

Volatile Organics (GC or GC/MS) 

Volatile Organics (GC or GC/MS) 

Volatile Organics (GC or GC/MS) 

Semi-Volatile Organics (GC or GC/MS) 

Metals (ICPorGFAA) 

Metals (ICPorGFAA) 

Metals (ICPorGFAA) 

Revisinn.<i made on l(V01/99 
I 

:ad Metals 
(Trace ICP or GFAA) 

% 
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4.3 Laboratory Control Samples (LCS) Evaluation (also see Figure 2) 

4.3.1 Acceptance Criteria 
The LCS recovery for the control analytes must be within established control 
limits. The percent recovery is calculated as follows: 

LCS Percent Recovery = — x 100 

• 

Where: X = observed concentration 
t = concentration of spike added 

4.3.2 Corrective Action for LCS Failure 
• check calculations, 
• check instrument performance, 
• reanalyze the LCS, and if still outside of control limits, 
• reprepare and reanalyze all samples in the QC batch. 

Notes: 1. It is acceptable to report the data, if the LCS recovery is out high and 
analyte of concern was not detected in any of the samples. Successful 
MS/MSD and surrogate recoveries may also provide evidence of control 
of accuracy, but this would be decided on a case-by-case basis and only 
with client approval. 

2. In the case of volatile analyses, if the LCS fails, it may be reprepared 
and reanalyzed within the same tune period. 

3. In the case where all target requested analytes are within control, but 
some other LCS compounds are out of control, the LCS may still be 
considered acceptable for reporting. 

4.4 Duplicate Laboratory Control Samples (LCS/LCSD or DCS) Evaluation (also see Figure 
2) 

4.4.1 Acceptance Criteria 
The recovery for each spike of the pair must be within established control limits. 
The formula used to calculate LCSD recoveries is the same as the formula for LCS 
spike recoveries. If a batch includes samples requiring LCS control and samples 
requiring DCS control, the LCS used will be the first LCS that passes control 
criteria. 

The relative percent difference (RPD) for the pair is calculated as follows: 
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RPD = 

2 

xlOO 

Where: X\ - first observed concentration 

X2 = second observed concentration 

4.4.2 Corrective Action for LCS/LCSD Recovery (Accuracy) Failure 
• check calculations, 
• check instrument performance, 
• reanalyze and/or reprepare and reanalyze all samples in the QC batch. 

Note: If either LCS/LCSD spikes fails and the batch cannot be reanalyzed, the 
failure must be documented and noted in the final report.Also see notes under 
Section 4.3.2. 

4.4.3 Corrective Action for LCSD Precision Failiue 
• check calculations; 
• check instrument performance; 
• if the RPD is out of control but both accuracy recoveries are within acceptance 

criteria, prepare an NCM, and qualify report. 

Note: Because LCS/LCSD limits are based on the standard deviation of data 
• collected over time and include long-term precision, it would be unusual to fail 

precision limits while meeting accuracy limits. If this occurs with any frequency, 
control limits should be reevaluated. 

4.5 Surrogate Evaluation (also see Figure 3) 

% 

4.5.1 Acceptance Criteria 
Surrogate recoveries must be within established control limits. Method QC (MB, 
LCS, and/or LCSD) results are not acceptable unless the surrogate recoveries for 
those QC samples are within control limits. If MS/MSD, DU or field samples 
require dilutions beyond the threshold stated in the analytical SOPs, routine 
surrogate control limits do not apply and recoveries are not evaluated. This should 
be noted in the final report. The recovery is calculated as follows: 

% 
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X 
Surrogate Percent Recovery = — x 100 

Where: X = observed concentration 

/ = concentration of surrogate added 

4.5.2 Corrective Action 

4.5.2.1 Surrogate Failures in MB, LCS, or LCSD 
• check calculation and instrument performance, 
• reanalyze QC sample and/or reanalyze all samples in the QC batch. 
Note: Unless otherwise specified by the client, it may be possible to report 
qualified results if method QC surrogate recoveries are biased high and 
analytes were not detected in the field samples. However, all other QC 
requirements would have to be met and the failure would have to be noted 
in the final report. 

4.5.2.2 Surrogate Failures in Field Samples or MS/MSD 
• check calculation and instrument performance; 
• evaluate objective evidence of matrix interference (e.g. heterogeneous 

sample, interfering compounds seen on chromatograms, or interference 
demonstrated by prior analyses); 

• document the failure and note it on the final report; 

Note: Some client programs require reanalysis to confirm matrix interferences. 
Check special project instructions for this corrective action. 

4.6 Matrix Spike and Matrix Spike Duplicates (MS/MSD) Evaluation (also see Rgure 4) 

4.6.1 Acceptance Criteria 
MS and MSD recoveries and RPD should be within established control limits. 
If MS or MSD samples require dilutions beyond the threshold stated in the 
analytical SOPs, routine control limits do not apply and recoveries are not 
evaluated, but this should be noted in the final report. The MS and MSD 
recoveries are calculated as follows: 

# 
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MS or MSD Percent Recovery = X, xlOO 

Where: X = observed concentration in unspiked sample 
X, = observed concentration in spiked sample 
/ = concentration of spike added 

Notes: 1. If sample result is ND, X = 0 when no values reported below RL. 
If sample result is reported as a value <RL, X = reported value. 

2. CLP forms software uses observed recovery, not concentrations. 

RPD is defined in Section 4.4.1. 

4.6.2 Corrective Action for MS/MSD or MS/MSD RPD Failure (assuming that the LCS 
is in control) 
• check calculation and instrument perfoimance, 
• consider objective evidence of matrix interference (e.g. heterogeneous sample, 

interfering compounds seen on chromatograms, or interference demonstrated 
by prior analyses); 

• document the failure and note on final report; 

Note: Some client programs require reanalysis to confirm matrix interferences. 
Check special project requirements for this corrective action. 

% 

4.7 Sample Duplicate (DU) 

4.7.1 Acceptance Criteria 
The RPD for the sample and its duplicate must be within established control limits. 
The RPD is the same as for the MS/MSD (see 4.6.1 above). 

4.7.2 Corrective Action for DU Failure 
• check calculation and instrument performance, 
• document the QC failure and note on the final report. 

5.0 Establishing QC Acceptance Limits 

5.1 Selecting the Data Set 
For new procedures, published method limits can be used until sufficient QC data are 
acquired (minimum of 20 to 30 data points recommended). However, the published limits 
may not be appropriate if they are based on a single-operator or single-laboratory study. In 
this case, the QA Manager may establish default limits until enough data is collected for 
laboratory established limits to be determined. For existing procedures, data collected 
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over several months to a year or more can be used. Control tables or control charts are 
used together with the calculated mean and standard deviation to determine if the data set 
being considered are free of trends and are representative. If it appears that the data 
include gross outliers, outlier tests such as the Grubbs Test, Dixon Test (for 20 or fewer 
data points), or Rule-of-Huge-Error Test can be used to justify eliminating individual data 
points. Laboratory established limits must be reevaluated at least annually. 

5.2 Calculating Laboratory Statistical Performance 

Accuracy: mean recovery ± 3 J 
Precision: zero to (mean RPD + 3s) 

Where: s = standard deviation 

If there are insufficient MS/MSD data available to calculate limits, LCS/LCSD limits may 
be used. If there are insufficient sample surrogate recovery data available to calculate 
limits, method limits may be used, if available. For methods, matrices, and/or analytes 
with very limited data, interim limits should be established using available data or by 
analogy to similar methods or matrices. 

5.3 Setting Control Limits 
The working control limits to be used by the laboratory are based on evaluation of the 
calculated laboratory statistical performance and available interlaboratory limits provided 
in the reference methods. Note that some SW-846 methods only supply single-operator or 
single-laboratory method performance data, which should be used for guidance only and 
may not be appropriate for routine lab operation. 

The control limits should be evaluated for systematic trends and consistency of the 
performance of the analytical procedure at least annually or whenever new patterns of 
performance are observed in the laboratory data (i.e. new methods, equipment, etc.). 
When evaluating current "laboratory-generated limits" against historical "laboratory-
generated limits", the laboratory QA manager should investigate any significant changes in 
"laboratory-generated mean" and "laboratory-generated range" and should attempt to 
identify the cause before making any changes to the laboratory limits. If the recalculated 
limits are consistent with the historical limits, the historical limits may remain unchanged. 

Notes: 1. Laboratory-generated mean = statistical mean (i.e. 2x i /n) 
Laboratory-generated range = statistical ranges indicated in the previous section 

2. If the laboratory-generated mean is within ± 10% of the historical mean, the two means 
are not significantly different and no investigation of cause of change would be 
necessary. 

3. If the in-house calculated data lead to limits that are significantly tighter than both the 
guidance limits and/or the calibration acceptance criteria for the method, the laboratory 
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can default to using the laboratory-generated mean + calibration acceptance limit 
Unreasonably tight statistical limits can result from the exclusion of unacceptable 
results from the database. If investigation demonstrates that this is happening, the 
laboratory's data entry systems should be improved. The lab should employ a 
statistical test for outlier values before excluding data points. (Reiterations of outiier 
tests lead to narrower limits and should be used with caution.) 

4. If the decision is to use guidance limits from the method, the laboratory should 
. investigate procedural improvements leading to better performance. 

6.0 Reporting QC Data 
The QC data routinely reported includes the LCS, method blank and surrogate standards. 
Matrix QC are reported on a project or client basis, and clients are encouraged to identify 
on the custody forms specific saniples to be used for matrix spiking. Client reporting 
requirements are negotiated and documented as part of the project records. Ultimately, all 
reporting decisions should accommodate the client's requirements. 

% 
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Figure 1 - Method Blank Evaluation 

@ l 

# 



Policy No. QA-003 
Revision No. 2 

Revision Date: 07/13/98 
Attachment 1, page 13 of l 

^ 

Figure 2 - LCS/LCSD Evaluation 
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Figure 3 - Surrogate Evaluation 
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Figure 4 - Matrix Spike/Matrix Spike Duplicate Evaluation 
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ATTACHMENT 2 
QUANTERRA® RADIOCHEMISTRY QUALITY CONTROL PROGRAM 

1.0 Introduction 

This Attachment describes the general quality control (QC) program in place to support 
radiochemical analyses performed in Quanterra® laboratories. Due to the lack of a national QC 
program which has been deemed to be the industry standard for radiochemistry, individual 
procedures may vary in their requirements. The program defined here should be taken as the 
minimum QC program. The details of the implementation and acceptability of the program are 
described in laboratory SOPs. The requirements of this Attachment may be superseded by a project 
Scope of work or QA program. 

All data produced by the Quanterra® radiochemistry laboratories shall be reviewed by procedures 
described in the Quanterra® QAMP and facility SOPs. The review will be documented using a 
data review check list. 

2.0 Quality Control Samples 

2.1 Sample batches (defined in Attachment 1 of this policy) will be accompanied by laboratory 
prepared QC samples. The minimum QC samples required in a batch are as follows: 

2.1.1 Method Blanks: carried through the entire preparation and analysis procedure, one 
for each batch. 

2.1.2 Laboratory Control Samples: prepared and/or analyzed with the samples, one for 
each batch. 

2.1.3 Sample Duplicates: one for each batch, assuming sufficient sample is received. 

2.2 Additional Quality Control Samples may include matrix spikes and matrix spike duplicates 
(matrix spike duplicates will replace sample duplicates) which are performed when 
contractually required. Matrix spikes are not prepared for samples which are counted 
directly and are subject to homogenization restrictions, such as solid samples for gamma or 
alpha/beta analysis. 

2.3 Tracers and carriers are added to every sample, blank, and QC sample when required by the 
analytical method. Tracers are radioisotopes usually wiUi the same atomic number as the 
target analytes, when available. Carriers are non-radioactive compounds added to assist in 
isolation of the target analyte(s). Both tracers and carriers, when standardized can be used to 
correct counting results for actual recovery of the analyte when available radioactive tracers 
are NIST traceable. 
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3.0 Acceptability Criteria/Corrective Action 

3.1 In the absence of specific client instructions, the following criteria apply. However, 
individual cases allow for exceptions as stated below: 

3.1.1 Re-counts - Client and/or QC samples are recounted if the acceptance criteria have 
not been met as indicated on the Data Review Checklist and as deemed necessary by 
the team leader/designee. Additionally, any blank, spike or client sample may be 
recounted to verify a result. If the re-count result is found to be within limits, the 
Data Reviewer accepts the re-count data. If the re-count result is found not to be 
within limits, the affected samples may need to be reanalyzed. 

3.1.2 Reanalysis - If sample reanalysis is necessary and/or the client provides permission, 
the affected samples and associated quality control samples shall be reanalyzed 
providing sufficient sample is available. TTie data of the reanalysis set shall be 
reviewed using the same criteria as the original data set. 

3.2 Method Blank: In general, method blanks may not contain concentrations of the analyte(s) 
of interest above the Reporting Limit (RL) or Client-Required Detection Limit (CRDL). 
Specific client requirements may require other criteria for the method blank. The ^ ^ ^ 
occurrence of an unacceptable method blank requires investigation into the soimce of the ^ ^ A 
contamination, followed by reanalysis of the associated batch of samples with an acceptable 
method blank unless the activity levels of the samples are significantiy higher than the blank 
and or the MDA or MDC. The method blank may be water for all matrices unless client 
requirements specify otherwise 

3.3 Yield Monitors: - For QC and sample data where gravimetric (chemical) or tracer recoveries 
are used for yield correction, the yield of the sample must meet, in the absence of specific 
limits, a yield monitor recovery greater than or equal to 20% and less than or equal to 115%. 
Unacceptable yields for method blanks or LCS require investigation and reanalysis of the 
associated sample batch with acceptable QC sample yields. Unacceptable yields for a 
sample require reanalysis of the sample in a batch with acceptable QC sample yields. 
Samples may be reported with unacceptable yield only if repeat analyses indicate that a 
matrix effect exists that prevents acceptable yield. 

3.4 Laboratory Control Sample: Criteria for acceptability of Laboratory Control Samples are set 
by each procedure, and may utilize historical LCS recovery data. The occmrence of an 
unacceptable LCS requires investigation into the source of the nonconformance, followed by 
reanalysis of the associated batch of samples with an acceptable LCS. 

3.5 Duplicate Samples: Acceptability criteria for duplicate sample results are stated in 
laboratory Standard Operating Procedures, and may utilize historical duplicate RPD data. 
Data associated with duplicate analyses that exceed the RPD criteria are evaluated for 
usability, and if reported without corrective action, are flagged and noted in client reports. 

% 
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3.6 Matrix Spike Recoveries: Acceptable matrix spike recovery is determined from laboratory 
historical data. Control limits are established for acceptability for each method and matrix at 
least annually. Samples with unacceptable matrix spike recoveries are flagged and noted in 
client reports unless the recovery can be shown to be due to laboratory error. 

4.0 MDAs/MDCs 

4.1 All radiochemical results are reported with both a sample-specific Mim'mimi Detectable 
Activity (MDA) or Minimum Detectable Concentration (MDC) and an associated emor. 
Formulas for calculating the MDA or MDC and the error are given in the Standard 
Operating Procedures. If the sample MDA/MDC is greater than the RL or CRDL, the Data 
Reviewer shall examine the sample volume/weight, counting time, and detector efficiency. 
The Data Reviewer shall decide if the sample should be recounted, reanalyzed, or the data 
accepted. If the sample activity exceeds the achieved MDA/MDC, no further action is 
necessary. 

^P 
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1. PURPOSE 

0 

1.1. The purpose of this SOP is to describe the requirements for: (1) statistically establishing 
QC acceptance criteria and (2) long-term trend analysis of QC data using control charts at 
the STL-North Canton Laboratory. 

1.2. The control chart is an effective tool for long-term trending because it records in real time 
the accuracy (bias) and precision of the appropriate parts of the measurement process. 
The control chart provides the means to demonstrate statistical control. 

1.3. This document accurately reflects current standard operating procedures (SOP) as of the 
date above. All facility SOPs are maintained and updated as necessary by the laboratory 
QA department. 

2. RESPONSIBILITIES 

2.1. Analyst 

2.1.1. All non-CLP QC data is entered into the Laboratory Information Management 
System (LIMS) for statistical evaluation for the generation of control charts. 
(Data entry may be automated or may be completed from the report generation 
software as part of the report or review group activities.) 

2.1.2. Monitor method performance using established limits and identify any out-of-
control situation. Respond to out-of-control conditions. QC Data results are 
considered out of control when recoveries exceed established control limits. 

2.2. Group Leader/Supervisor 

2.2.1. Respond to out-of-control conditions. 

2.3. QA Department Staff 

2.3.1. For analytical methods, coordinate updating of control limits annually. During 
this process, review control charts to detect any trends in routine analytical 
procedures. 

2.3.2. Archive control charts and statistically derived QC acceptance data. 

2.3.3. Each year at a minimum, publish statistically derived QC acceptance criteria. 
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2.3.4. Provide guidance in the development of control charts and in the application of 
QC samples and acceptance data. 

2.3.5. With the Laboratory Director, ensure that Operations staff confonns to the 
requirements provided in this SOP. 

2.4. Project Manager 

2.4.1. Incorporate updated limits into project-specific QAPPs. 

2.4.2. Submit project-specific control charts to the requesting client 

SAFETY 

m 

3. 

3.1. Procedures shall be carried out in a manner that protects the health and safety of all STL 
associates. 

3.2. 

3.3. 

Normal office dependent safety precautions must be taken in pyerforming this SOP. If 
personnel are required to perform any portion of the procedure in the laboratory area, 
appropriate personal protective equipment and precautions must be utilized. ^ | ^ 

All work must be stopped in the event of a known or potential compromise to the health 
and safety of a STL associate. The situation must be reported immediately to a 
laboratory supervisor. 

4. PROCEDURE 

4.1. Empirical Establishment of QC Acceptance Limits 

4.1.1. The assessment of QC sample data shall be performed by comparing precision 
and accuracy results against control limits. As defined in the following 
subsections, the control limits used for this comparison shall be either in-house 
(statistically generated using historical data) control limits or published limits 
from methods, contracts, or project QA plans. 

4.1.2. In-house limits for all QC data must be determined and compared to those limits 
published in the methods for applicable matrices. Method limits will be 
employed until sufficient QC data are acquired. A minimum of 20 to 30 of the 
most recent data points should be used to establish in-house limits based on 
historical performance data for each major method. Periodically, QC data may 
need to be reviewed and house limits reestablished whenever a significant changi 
in an analytical process occurs. 

% 
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4.1.3. Control limits shall be generated for each matrix (i.e., aqueous and soil) for each 
preparative method using data from at least 20-30 of the most recent data points. 

4.1.4. In-house conti-ol limits shall be established for the following samples: 

4.1.4.1. Laboratory control sample (LCS) spike recoveries for method required 
analytes list. 

4.1.4.2. Matrix Spike and Matiix Spike Duplicate (MS/MSD) spike recoveries for 
method required analytes list. 

4.1.4.3. Surrogate spike recoveries in LCSs for organic analvses only. 

4.1.5. Control limits shall be established for all methods except for CLP. For CLP-
related projects, the acceptance criteria specified in the most current SOW shall 
be followed in evaluating data quality. CLP SOWs do not specify the generation 
of control charts. 

4.1.6. The calculations used to generate the control limits for accuracy (%R) are 
described in the following subsections. 

4.1.6.1.The %R is defined as the observed concentration in LCS divided by the 
theoretical concentration of the spike or LCS, times 100: 

-, „ Found ,„_ 
%R = XlOO 

True 

4.1.6.2.The mean percent recovery and standard deviation is calculated using the 
following formulas: 

%R = ̂  
n 
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« 

where: 

S = 

%R = 

%Ri = 

n = 

S 

\̂ {%R(-%Rf 
j=i 

7 1 - 1 

the mean percent recovery 

the percent recovery of an LCS 

the number of data points 

= the standard deviation of the data set of percent 
recoveries 

4.1.6.3.The warning (95% or 2-sigma) and control limits (99% or 3-sigma) are 
then calculated from the following equations: 

Upper Conu-ol Limit = %R + 3 s 

Lower Control Limit = %R-3s 

Upper Warning Limit = %R+2s 

Lower Warning Limit = %R-2s 

% 

where: 

%R = the mean percent recovery 

5 = the standard deviation of the data set 
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4.1.7. Control limits will be recalculated after excluding the following points from the 
calculations: 

4.1.7.1.Samples with values outside control limits due to assignable cause. 

4.1.7.2.True outliers as defined in die Grabbs test. 

4.1.7.3.The LIMS is equipped to perform a Grubbs outlier test used to generate 
the control charts. 

4.2. Monthly Trend Conti-ol Charts (Navy Only) 

4.2.1. Control charts are required for LCSs only. 

4.2.2. Control charts will be generated and reviewed on a monthly basis to keep current 
assessment of laboratory performance. Charts generated on a monthly basis will 
include a subset of parameters spiked as indicated in Table 4-1. 

Table 4-1 

Cyanide Manual distillation/ 
automated analysis 

Analyte 

Aluminum and 
Cadmium 

Thallium 

Trichloroetiiene 

1,1 -Dichloroethene, 
Benzene 

Aldrin, Endrin 

TCMX 

Total Prep, Graphite 
Furnace Atomic 

Absorption 

Purge & Trap/ GC 
Volatile Hall 

Purge & Trap, GC 
Mass Spec Volatiles 

Liq/Liq, GC ECD 

Liq/Liq, GC ECD 

Mercury 

Toluene 

1,2,4-
Trichlorobenzene, 4-

Nitrophenol 

Aroclor 1016, Aroclor 
1260 

Manual digestion/ 
automated CVAA 

Purge & Trap/ GC 
Volatile - PID 

Liq/Liq, GC Mass 
Spec Semivolatile 

Liq/Liq, GC ECD 

Total Prep/ 
Inductively Coupled 

Plasma 
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« 

4.2.3. A control chart (X chart) is generated using the LIMS or a commercially available 
software to monitor accuracy and precision by plotting the LCS %R data in a 
graphical format as follows: 

4.2.3.1.The average of the %R determinations for the original data set is 
established as the midpoint on the Y axis of the graph. 

4.2.3.2.The upper and lower warning and control limits are plotted as solid 
horizontal lines across the graph at their respective points on the Y axis. 

4.2.3.3.The calculated %R of each spiked sample is plotted chronologically on the 
graph to determine whether the recovery is within the warning and control 
limits of the control chart. 

4.2.4. Control charts can be generated from any networked system (see network 
administrator) as follows: 

4.2.4.1.From the Desktop, TraQAr double click the "Control limit" icon button. 

4.2.4.2. Select "On-line Control Charts" 

4.2.4.3. Select "QC Type" 

4.2.4.4. Select "QuantlMS Method" 

4.2.4.5. Select "QC Program" and write down spike list nmnber 

4.2.4.6. Select "Close Form" 

4.2.4.7. Select QA Access button to create control charts and limits. 

4.2.4.8. Select "location" (North Canton). "QC Type" (LCS/DCS, MS/MSD, 
LCS/DCS Sunogates, MS/MSD Surrogates, All Surrogates), "Start and 
End Date", "spike form" and then spike number. 

4.2.4.9. Select "Collect Data" this screen will run and then the Control Limits 
Review screen comes up. 

4.2.5. Control Limits Review screen 

4,2.5.1. A "Grubbs test complete" sign comes up, select OK 

» 

% 
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4.2.5.2.A minimum of 20 - 30 points are required. If points are below 20 - 30 
select close form and increase the start and end date to no more than one 
year. 

4.2.5.3. If points are at least 30, select individual matrix. 

4.2.5.4. Select "Gnibbs Test" 

4.2.5.5. A "Grubbs test complete" sign comes up, select OK 

4.2.5.6. Select "Control Limits Rpt". Right click on report and select print. 

4.2.5.7. Select "Control Charts Rpt". Right click on report and select print. 

4.2.5.8. Close form and repeat 4.2.5.3. tiirough 4.2.5.7. 

4.2.5.9.This procedure can be used to demonstrate both "before" and "after" data 
sets used for control charts generation. An evaluation of the data excluded 
by a student-t test is useful to reveal existing problems (high volume of 
unused analyses, etc.). 

4.2.6. The following information must be present on the control charts or in an 
associated table: 

4.2.6.1,Parameter, Analytical Method and preparation procedure 

4,2,6,2,LCS Batch ID allowing cross-reference to LIMS containing all analytical 
information. 

4.2,6,3,Matiix 

4.2.6.4.Number of points used 

4,2.6.5.Mean 

4,2.6.6.Standard Deviation 

4.2.6.7 .Percent recoveries 

4.2.6.8.Upper and Lower warning and Control limits 

4.2.6.9.Chart generation date. 
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4.2.6.10. An example of the Excel workbook output is provided in Appendix A. 

4.3. Evaluation of Control Charts 

4.3.1, When method, contract, or project plan requirements stipulate control limits 
which are more stringent than the laboratory generated limits, the more stringent 
limits shall be used to evaluate the quality control sample data. 

4.3.2, If the laboratory-generated limits are more stringent than the method, contract, or 
project specific limits, the laboratory-generated limits shall be used to evaluate 
QC samples, 

4.3.3, Criteria for an Out-of-Control Conditions 

4.3,3,1,The causes for a shift or a trend in control charts could result from (1) 
incorrect preparation of a standard or a reagent, (2) sample contamination, 
(3) improper storage or preservation, (4) incorrect instiinment calibration, 
(5) poor analytical technique, and (6) deviation from the analytical 
method, A measurement process for a particular analyte will be 
considered out-of-statistical-conti-ol when one of the following conditioi^^^ 
occur ^ ^ 

4,3.3,1,1,A single point outside 3-sigma control limits 

4.3,3,1.2, A series of eight consecutive points on the same side of the 
central line. 

4.3.3.1.3.A series of three consecutive points between the warning limits 
and control limits. 

4.3.3.1.4.A series of six consecutively increasing or decreasing points on 
the same side of the centerline. 

4.3,3,1.5.A cyclic pattern of control values. 

4.3.3.l,6,These conditions may indicate that the measurement system is 
out of statistical control. When this situation occurs, the data must 
be evaluated thoroughly to identify the most appropriate corrective 
action to be implemented. The problem and its solution may be 
documented through a Nonconformance Memo as appropriate. 
Exceeding warning limits will only require a close observation of 
the measurement system. In reviewing control charts, any 
significant changes in key analysts, instrumentation, standard 
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reference materials, or processes must be kept in mind to explain 
potential out-of-control situations. After thorough evaluation of 
the data and documentation of corrective actions taken, the QA 
Department must determine if the defensiveness of analytical 
results generated during the out of control situation has been 
jeopardized. If it is determined that data defensiveness has been 
compromised, the client will be notified of the out of control 
situation. 

4,4, Setting Control Umits 

0 

4.4,1, The working control limits to be used by the laboratory are based on evaluation of 
the calculated laboratory statistical performance and available interlaboratory 
limits provided in the reference methods. Note that some SW-846 methods only 
supply single-operator or single-laboratory method performance data, which may 
not be appropriate. 

Accuracy Evaluation 

Lower Limit Evaluation 

Laboratory-generated Lower 
Limit > Guidance Limit 

Laboratory-generated Lower 
Limit > Guidance Limit 

Laboratory-generated Lower 
Limit < Guidance Limit 

Laboratory-generated Lower 
Limit < Guidance Limit 

Upper Limit Evaluation 

Laboratory-generated Upper 
Limit > Guidance Limit 

Laboratory-generated Upper 
Limit < Guidance Limit 

Laboratory-generated Upper 
Limit > Guidance limit 

Laboratory-generated Upper 
Limit < Guidance limit 

Accuracy Decision 

Use laboratory-gen. Lower 
Limit & Guidance Upper Limit 

Use laboratory-gen. Lower 
Limit & laboratory-generated 
Upper Limit 

Use guidance Lower Limit & 
guidance Upper Limit 

Use guidance Lower Limit & 
laboratory-generated Upper 
Limit 

Precision Evaluation 

Range Evaluation Precision Decision 

Laboratory-generated 
precision value > Guidance 

Use guidance precision 

jrecision 
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Laboratory-generated 
precision < Guidance 
precision 

Use laboratory-generated 
precision 

Notes: If the decision is to use guidance limits from the method, the laboratory should 
investigate procedural improvements leading to better performance. 

The following outlines other criteria: 

Min/Max ~ 

Minimum 

Maximum 

Minimum 

Maximum 

Minimum 

Maximum 

Maximum 

Limit 

LCL 

LCL 

UCL 

UCL 

RPD 

RPD 

RPD 

Percentage ' 

10% 

90% 

110% 

200% 

20% 

99% 

30% 

Inorganics 

V 

V 

V 

V 

V 

V 

Organics 

>/ 

V 

V 

V 

V 

V 

% 

NOTE: Best Practice limits may be utilized for a particular method/parameter based on 
laboratory and client approval. Best Practice limits combines the data from a group of 
laboratories (Knoxville, North Canton and Pittsburgh) to generate limits that are used between 
the laboratories. This allows for the ease in transfer of work between the laboratories including 
sharing large projects. 
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5. DEFINITIONS 

5.1. Control Chart - A graphical QC tool to monitor method performance over time and to 
establish acceptance limits. 

5.2. Relative Percent Difference (RPD) - a measure of intra-lab precision based on a 
duplicate sample analyses. 

5.3. Grubbs Test - extension of sample sizes and percentage points for significant tests of 
outlying observations - a statistical outlier test. 

5.4. Percent Recovery (%R) or Recovery - a measure of the accuracy (bias) of the 
measurement process based on a comparison of a measured value for a fortified (spiked) 
QC sample against the known spiked values. 

5.5. Precision - a measure of mutual agreement (or variability) among individual 
measurements of the same property, usually under prescribed similar conditions. 

5.6. Accuracy - the degree of agreement of a measurement (or an average of measurements of 
the same thing) with an accepted reference or tme value. Accuracy is the measure of bias 
inherent in the system. 

5.7. Bias - a systematic (consistent) error in test results. The difference between the 
population mean and the true or reference value, or as estimated from sample statistics; 
the difference between the sample average and the reference value. 

5.8. X-chart - a control chart that plots a single measurement of a property (e.g., percent 
recovery) of quality control samples over time. The chart consists of a single line that is 
the mean of the statistic, warning limits at ± two standard deviations, and control limits at 
± 3 sigma. 

5.9. Assignable cause - a known reason for an outlying result (e.g., no spike added). 

5.10. Duplicate: A second aliquot of a sample that is treated the same as the original sample in 
order to determine the precision of the method. 

5.11. Laboratory Conti^l Sample (LCS): 

5,11.1. Organics: A LCS is a volume of deionized laboratory water (for water samples) 
or a suitable solid material (e.g., clean sand) (for soil/sediment samples) which is 
spiked with compounds of interest and subjected to the entire analytical procedure 
in order to estimate the accuracy of the method via percent spike recovery. 
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5.11.2, Inorganics: A well characterized liquid or solid sample which is prepared, 
digested or extracted along with each analytical batch of samples. 

6. REFERENCES 

6.1. STL Quality Management Plan, current revision. 

6.1.1. STL Quality Management Plan, current revision. 

6.1.2. Conti-ol Chart Generation SOP, NC-QA-0024 

6.1.3. HAZWRAP Requirements for Quality Control of Analytical Data DOE/HWP-
65/Rl, July, 1990 or current revision. 

6.1.4. Navy Installation Restoration Laboratory Quality Assurance Guide (Interim 
Guidance Document), February 1996. 

6.1.5. Handbook for Analytical Quality Control in Water and Wastewater Laboratories. 
EMSL, US EPA, March 1977. 

m 

6.1.6. Test Methods for Evaluating Solid Waste, Third Edition, SW-846, US EPA, Fi 
Update n, September 1994. 

na^SF 
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APPENDIX A 

(Examples of Control Charts) 

Calculated Control Limits Daizaa 

North Canton 
Spike Lba 93i: NC: 80S3 Best Practice -LCS QC Type: LCS/DCS 

Analysis Dates: 05/25/2000 - 06/07/2000 

f§^ 

Aqueous 

Constituent 
Spike QuantlMS Calculated 
Level Units N Mean SuL Dev. LCL UCL RPD LCL UCL RPD 

PCB-1016 

PCB-t260 

10 

10 

ug/L 

ug/L 

29 

30 

92.90 

91.20 

11.62 

17.69 

61 

61 

118 

124 

20 

27 

56 

38 

128-

144 

•33 

• § * • 

Monday, Juiu 19,2000 Page 1 of I 
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PCB-1016 Laboratory Control Sample 
QuantlMS Spike List: 928 (NC: 8082 Best Practice -LCS) 

Aqueous 
Analysts Dates: 05/25/2000 - 06/07/20a 

Quality Control Chart 

uci. 

LCL 

I i I I § 
Analysis Date 

Statistical 
Calculatlorw 

N 
Mean%R: 
StdDav.: 

SpBisLsveC 
Spika UnKa: 

29 
BZ897 
11.620 

10 

Rejected data points 
arechartad 

Generateit enaaOOO 

% 
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PCB-1260 Laboratory Control Sample Aqueous 
QuantlMS Spike List 928 (NC: 8082 Best Practice -LCS) Analysis Dates: 05/25/2000 • 06/07/2000 

LCL 

Quality Control Chart 

Analysis Bate 

StatisUcal 
Calculations 

N 
Mean %R: 
SU. Dc^.: 

SpBieUvet: 
Spike Units: 

QMS UCL -

CALCLWIL 
CALCUVA. 

CALCUX 
CALCUCL 

NRPD 
OIMS RPD 

30 
9l!2' 
177(59 

« • • • 
10 
ug/L 

Sr-

' ^ ' • ^ 

ag^;3 
m ^ i 
^f5:JH 

12" -
27 

CalcRPD g t ^ J S ] 

Rejected data points 
are charted 

Geneiatact a^»20aa 

« 
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PCB-1016 Laboratory Control Sample Aqueous 
QuantlMS Spike List ' 928 (NC: 8082 Best Practice -LCS) Analysis Dates: 05/25/2000 - 06/07/200C 

MHhod-;^V:^vk^;MgthipdiDtiSiO?(^tlic{tf)' 

•.-8081 •:•:'•'••••; 1=̂  •r'ir^'^*''^H'^i^-4k^^^6(jf9':9:^: • 

M o B i ^ V ^ v J j H V i n - J ^ ^ r o ^ i e i ^ ' B s j e p a i ) : ' . ? 

,6081 ,-.»;.-;::! :rl-BtaOc|<Jes/P.CB* (BOBIJ.;.; 

s rY* '<w^r*» ' 'v ' . * - -T^ 

. . n ^ . i • . . 

Quality Control Chart 

i i r* i • 

LCL 

/ 
r 

. 

\ 
^ _̂__ y ^ 

—"̂  
\ "v. 

S 
/ 

f 
\ / \ . , y v^ ̂

 A 

V 
—H "s s. 

> 
/ 
r 

140 

120 

100 

so 

60 

40 

20 

0 

s s s s s s s e s s s s B s s s s s s e 

11 § i i 1 i 111 i I i i i § i 1 i i 
§ § § 

§ i 
Analysis Date 

Statistical 
Calculations 

N 29^ 
Mean %R: 82.897 I 
Std. [3ev.: 11.62oi 

Spike Lavet 
SphaUnOs: 

aiMSLCL 
QIMS UCL 

CALCLWL 
CALCUVt/L 

CALCLCL 
CALCUCL 

m 
M » • « » » « » • 

NRPD 
QIMS RPD 
CalcRPD 

11 
20 

"̂ m 
Rejected data po in t s 
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SCOPE AND APPLICATION 

1.1. This procedure describes the preparation of soil samples for the analysis of certain 
metals by Graphite Ftnuace Atomic Absorption (GFAA), Flame Atomic Absorption 

« 
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(FLAA), Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP), and 
Inductively Coupled Plasma-Mass Spectrometry (ICP/MS) as specified in SW846 
Method 3050B. 

1.2. Samples prepared by the protocols detailed in this SOP may be analyzed by ICP, 
ICP/MS, FLAA or GFAA for the elements listed in Table I (Appendix A). Other 
elements and matrices may be analyzed following digestion by these protocols 
provided that the method performance criteria specified in Section 13.0 of this SOP are 
met. 

1.3. This method is not a total digestion, but will dissolve almost all metals that could 
become "environmentally available". By design, metals bound in silicate structures 
are not dissolved by this procedure, as they are not usually mobile in the environment. 
This SOP can be applied to metals in solids, sludges, wastes and sediments. 

1.4. This document accurately reflects current laboratory standard operating procedures 
(SOP) as of the date above. All facility SOPs are maintained and updated as 
necessary. 

2. SUMMARY OF METHOD 

A representative 1 gram (wet weight) portion of sample is digested in nitric acid and 
hydrogen peroxide. The digestate is refluxed with hydrochloric acid for ICP, FLAA or 
antimony by GFAA analysis. The digestates are then filtered and diluted to 100 
mL/lOO g. 

3. DEFINITIONS 

3.1. Refer to the glossary in the Laboratory Quality Manual (LQM), latest version. 

3.2. Total Metals: The concentration determined on an unfiltered sample following 
digestion. Note that this method is designed to determine the total environmentally 
available metals. 

4. INTERFERENCES 

4.1. There are numerous routes by which samples may become contaminated. Potential 
sources of trace metals contamination include: metallic or metal-containing labware 
(e.g., talc gloves which contain high levels of zinc), containers, impure reagents, dirty 
glassware, improper sample transfers, dirty work areas, atmospheric inputs such as dirt 
and dust, etc. Be aware of potential sources of contamination and take appropriate 
measures to minimize or avoid them. 
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4.2. The entire work area, including the bench top and fume hood, should be thoroughly 
cleaned on a routine schedule in order to minimize the potential for environmental 
contamination. 

4.3. Boron and silica from the glassware will grow into the sample solution during and 
following sample processing. For critical low level determinations of boron and silica, 
only quartz and/or plastic labware should be used. 

4.4. Physical interference effects may contribute to inaccm-acies in the determinations of 
trace elements. Oils, solvents and other matrices may not be digested using these 
methods if they are not soluble with acids. If physical interferences are present, they 
should be documented. 

4.5. Visual interferences or anomalies (such as foaming, emulsions, precipitates, etc.) must 
be documented. 

4.6. Allowing samples to boil or go dry during digestion may result in the loss of volatile 
metals. If this occurs the sample must be reprepared. Antimony is easily lost by 
volatilization fi^om hydrochloric media. 

4.7. Specific analytical interferences are discussed in each of the determinative methods. 

SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all 
STL North Canton associates. 

5.2. Eye protection that protects against splash, laboratory coat, and appropriate gloves 
must be worn while samples, standards, solvents, and reagents are being handled. 
Disposable gloves that have been contaminated will be removed and discarded; other 
gloves will be cleaned immediately 

5.3. The health and safety hazards of many of the chemicals used in this procedure have not 
been fiilly defined. Additional health and safety information can be obtained fi-om the 
Material Safety Data Sheets (MSDS) maintained in the laboratory. The following 
specific hazards are known: 

% 

5.3.1. The following materials are known to be corrosive: 

Hydrochloric acid and nitric acid. 

% 
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5.3.2. The following materials are known to be oxidizing agents: 

Nitric acid and hydrogen peroxide. 

5.3.3. All heating of samples must be carried out in a fiime hood. 

5.4. The acidification of samples containing reactive materials may result in the release of 
toxic gases, such as cyanides or sulfides. Acidification of samples should be done in a 
fiime hood. The analyst should also be aware of the potential for a vigorous reaction. 

5.5. Exposure to chemicals must be maintained as low as reasonably achievable. 
Therefore, unless they are known to be non-hazardous, all samples should be opened, 
transferred and prepared in a fume hood, or under other means of mechanical 
ventilation. Solvent and waste containers will be kept closed unless transfers are 
being made. 

5.6. The preparation of standards and reagents will be conducted in a fiime hood with the 
sash closed as far as the operation will permit or under other means of mechanical 
ventilation. 

5.7. All work must be stopped in the event of a known or potential compromise to the 
health and safety of a STL North Canton associate. The situation must be reported 
immediately to a laboratory supervisor. 

5.8. Always carry bulk concentrated acid bottles in appropriate impact proof containers. 

5.9. Acid/peroxide spills must be neutralized immediately, flushed with water and cleaned 
up using appropriate spill kits. 

5.10. Discard chipped or broken beakers to prevent injury. Chipped glassware may be fire 
polished as an alternative to disposal. 

5.11. Any and all accidents and spills must be reported to the lab supervisor or EH&S 
coordinator. 

6. EQUIPMENT AND SUPPLIES 

6.1. Hot plate, digestion block, steam bath or other heating source capable of maintaining a 
temperature of 90-99°C. 

6.2. Calibrated thermometer that covers a temperature range of 0-200°C. 
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6.3. Griffin beakers of assorted sizes or equivalent. 

6.4. Vapor recovery device (Watch glasses, ribbed or other device). 

6.5. Whatman No. 41 filter paper or equivalent. 

6.6. Funnels or equivalent filtration apparatus. 

6.7. Centrifugation equipment (if desired method of removing particulates is 
centrifugation). 

6.8. Graduated cylinder or equivalent capable of measuring 100 mL within 3% accuracy. 

6.9. Analytical balance capable of accurately weighing to the nearest 0.01 grams. 

6.10. Repippetors or suitable reagent dispensers. 

6.11. Calibrated automatic pipettes with corresponding pipette tips or Class A glass 
volumetric pipettes. 

6.12. Class A volumetric flasks. 

6.13. pH indicator strips (pH range 0 - 6). 

6.14. Plastic bottles. 

REAGENTS AND STANDARDS 

7.1. Reagent water must be produced by a Millipore DI system or equivalent. Reagent 
water must be fi^ee of the analytes of interest as demonstrated through the analysis of 
method blanks as defined in the determinative SOPs. 

7.2. Laboratory Control Sample (LCS) and matrix spike (MS) solutions are purchased as 
custom STL North Canton solutions. All standards must be stored in FEP 
fluorocarbon or previously unused polyethylene or polypropylene bottles. Stock 
standard solutions must be replaced prior to the expiration date provided by the 
manufacturer. If no expiration date is provided, the stock solutions may be used for up 
to one year and must be replaced sooner if verification fi-om an independent source 
indicates a problem. 

7.3. Working ICP LCS/MS spike solution: Prepare the ICP LCS/MS working spike 
solutions fi-om custom stock standards to the final concentration listed in Table H. The 

% 

% 
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working spike must be prepared in a matrix of 5% HNO3. This acid (5 mL of 
concentrated HNO3 per 100 mL) must be added to the volumetric flask before the 
addition of the stock standard aliquot. Tlie working ICP LCS solution must be made 
fresh every three months. 

7.4. Working GFAA LCS/MS spike solution: Prepare the GFAA working LCS/MS spike 
solutions by diluting the custom stock solution (7.2) 200x. The working spike solution 
must be prepared in a matrix of 5% HNO3. This acid (5 mL of concentrated HNO3 
per 100 mL) must be added to the volumetric flask before the addition of the stock 
standard aliquot. The working GFAA LCS/MS solution must be made fresh every 
three months. 

7.5. The LCS and MS samples must contain all the elements designated for analysis in each 
batch of samples. If a non-routine element is required that is not contained in the 
custom STL North Canton solution, the individual facility must purchase a solution 
from the designated vendor that will cover the additional analyte(s) of interest and 
provide for a final spike concentration that is appropriate to the determinative method. 

7.6. Aqueous laboratory control samples (LCSW) and matrix spike samples are prepared as 
described in Sections 9.5 and 9.6. Refer to Tables II and HI (Appendix A) for details 
regarding the stock, working standard and final digestate spike concentrations for ICP 
and GFAA LCS and matrix spike preparations. 

7.7. Nitric acid (HNO3), concentrated, trace metal grade or better. 

7.8. Nitric acid, 1:1- dilute concentrated HNO3 with an equal volume of reagent water. 

Note: When preparing diluted acids always add acid to water. If the water is added to 
the acid a violent reaction may occur. 

7.9. Hydrochloric acid (HCl), concentrated, trace metal grade or better. 

7.10. Hydrochloric acid, 1:1- dilute concentrated HCl with an equal volume of reagent 
water. 

Note: When preparing diluted acids always add acid to water. If the water is added to 
the acid a violent reaction may occur. 

7.11. 30% Hydrogen peroxide (H2O2), reagent grade. 
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8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Sample holding time for metals included under the scope of this SOP is 180 days from 
the date of collection to the date of analysis. 

8.2. Soil samples do not require preservation but must be stored at 4 °C ± 2 °C until the 
time of analysis. 

9. QUALITY CONTROL 

Table IV (Appendix A) provides a summary of quality control requirements including type, 
frequency, acceptance criteria and corrective action. 

9.1. Initial Demonstration of Capability 

Prior to analysis of any analyte using Method 3050B the following requirements must 
be met. 

9.1.1. Method Detection Limit (MDL) - An MDL must be determined for each ^ ^ 
analyte/matrix prior to the analysis of any samples. The MDL is determined ^ ^ ^ 
using seven replicates of reagent water, spiked with all the analytes of interest, ^ H F 
that have been carried through the entire analytical procedure. MDLs must be 
redetermined on an annxial basis in accordance with 40 CFR Part 136 Appendix 
B requirements or verified as detailed in STL North Canton QA Policy QA-
005. The spike level must be between the calculated MDL and lOX the MDL 
to be valid. The result of the MDL determination must be below the STL 
North Canton reporting limit. 

9.1.2. Initial Demonstration Study- this requires the analysis of four QC check 
samples. The QC check sample is a well characterized laboratory generated 
sample used to monitor method performance, which should contain all the 
analytes of interest. The results of the initial demonstration study must be 
acceptable before analysis of samples may begin. The results of the initial 
demonstration study may be used to extend a method for the analysis of other 
elements provided all acceptance criteria are met. 

9.1.2.1. Fom- aliquots of the check sample (LCS) are prepared and analyzed 
using the procedures detailed in this SOP and the determinative SOPs. 

9.1.2.2. Calculations and acceptance criteria for QC check samples are given 
in the determinative SOPs (CORP-MT-OOOl, CORP-MT-0003). 

% 
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9.2. Preparation Batch - A group of up to 20 samples that are of the same matrix and are 
processed together using the same procedures and reagents. The preparation batch 
must contain a method blank, a LCS and a matrix spike/matrix spike duplicate. In 
some cases, at client request, it may be appropriate to process a matrix spike and 
sample duplicate in place of the MS/MSD. If clients specify specific samples for 
MS/MSD, the batch may contain multiple MS/MSD pairs. 

9.3. Sample Count - Laboratory generated QC samples (method blanks, LCS, MS/MSD) 
are not counted towards the maximum 20 samples in a batch. Field QC samples are 
included in the batch count. 

9.4. Method Blank (MB) - One method blank must be processed with each preparation 
batch. The method blank consists of reagent water containing all reagents specific to 
the method that is carried through the entire analytical procedure, including 
preparation and analysis. The method blank is used to identify any system and process 
interferences or contamination of the analytical system that may lead to the reporting 
of elevated analyte concentrations or false positive data. Criteria for the acceptance of 
blanks are contained within the individual analytical method SOP's. If the method 
blank does not meet the criteria contained within the analytical method SOPs, the 
blank and all associated samples in the batch must be redigested. 

9.5. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each 
preparation batch. The LCS must contain all analytes of interest and must be carried 
through the entire analytical procedure. The LCS is used to monitor the accuracy of 
the analytical process. On going monitoring of the LCS results provides evidence that 
the laboratory is performing the method within acceptable accuracy and precision 
guidelines. Criteria for the acceptance of LCS results are contained within the 
individual analytical method SOP's. Corrective action when LCS results fail to meet 
control limits v^ll be repreparation and reanalysis of the batch. Tables 11 and III 
provide the details regarding the stock, working standards and final spike 
concentrations for ICP and GFAA. Refer to Section 7.3 or 7.4 for instructions on 
preparation of the aqueous LCS. 

9.5.1. The LCS is prepared by spiking a ImL or 1 g aliquot of reagent water with 2 
mL of the working LCS/MS spike solution (7.3 or 7.4). The LCS is then 
processed as described in either Section 11.10. 

9.6. Matrix Spike/Matiix Spike Duplicate (MS/MSD) - One MS/MSD pair must be 
processed for each preparation batch. A matrix spike (MS) is a field sample to which 
known concentrations of target analytes have been added. A matrix spike duplicate 

! (MSD) is a second aliquot of the same sample (spiked identically as the MS) prepared 
and analyzed along with the sample and matrix spike. Some client specific data 
quality objectives (DQO's) may require the use of sample duplicates in place of or in 
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addition to MS/MSD's. The MS/MSD results are used to determine the effect of a 
matrix on the precision and accuracy of the analytical process. Samples identified as 
field blanks cannot be used for MS/MSD analysis. If any analyte recovery or RPD 
falls outside the acceptance range, the recovery of that analyte must be in control for 
the LCS. If the recovery of the LCS is outside limits, corrective action must be taken. 
Corrective action will include repreparation and reanalysis of the batch. Corrective 
action when MS results fail to meet control limits does not include repreparation of 
samples unless the results indicate that a spiking error may have occurred. Tables 11 
and III provide the details regarding the stock, working standards and final matrix 
spike concentrations for ICP and GFAA. Refer to Sections 7.3 and 7.4 for instructions 
on preparation of the working matrix spike solutions. 

9.6.1. The soil matrix spike sample is prepared by spiking a 1 g aliquot of a sample 
with 2mL of the working LCS/MS spike solution (7.3 or 7.4). The matrix 
spike sample is then processed as described in either Section 11.10. 

9.7. Quality Assurance Summaries - Certain clients may require specific project or program 
QC which may supersede the SOP requirements. Quality Asstirance Summaries 
(QAS) should be developed to address these requirements. 

% 

10. CALIBRATION AND STANDARDIZATION « 

10.1. Hotplate or block temperature must be verified daily for each imit used and mtist be 
recorded on either the metals preparation log or in a hotplate temperature logbook. 
The hotplate temperature should be verified by measuring the temperattu^e of a beaker 
of reagent water placed on each hotplate. For block digesters, use a tube containing 
water. 

11. PROCEDURE 

11.1. One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in procedure 
shall be completely documented using a Nonconformance Memo and is approved by a 
Technical Specialist and QA Manager. If contractually required, the client shall be 
notified. The Nonconformance Memo shall be filed in the project file. 

11.2. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

11.3. The heating procedures are carried out in a properly functioning hood. 
% 
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11.4. All samples are to be checked out of sample control with the chain of custody 
documentation filled out completely. 

11.5. Proper sample identification is extremely important in any preparation procedure. 
Labeling of beakers and bottles must be done in a manner to ensure connection with 
the proper sample. The use of automatic label printing programs is reconmiended to 
reduce transcription errors (QuantlMS option). 

11.6. Samples are typically logged in as either waters or soils. Wastes such as organic 
liquids or sludges and tissues (animal/vegetable) are usually logged in with solid test 
codes. When initiating prep, examine the sample to see if the sample matches the 
matrix designation. If the sample is logged in as aqueous but it appears more like a 
waste (biphasic, sludge like, organic liquid, lots of sediment etc.) contact the lab 
supervisor or project administrator for further instructions. In some cases it may be 
more appropriate to process these samples as solids. 

11.7. If possible prepare all the samples of a project at the same time to minimize the QC 
required and streamline the flow of the project through the lab and reporting group. 

11.8. In some cases, both AA and ICP digests are required on each sample. It is 
recommended that both aliquots be weighed out and processed at the same time. 

11.9. Guidelines are provided in the appendices on procedures to minimize contamination of 
samples and standards. 

11.10. Preparation of Soils, Sediments and Sludges for Analysis by GFAA, ICP, ICP/MS and 
FLAA. 

11.10.1. Mix sample thoroughly by stirring with a clean plastic or wooden spoon or 
spatula. 

11.10.2. For each digestion procedure required (i.e., ICP or GFAA), weigh a 1.0 
portion of solid and record the exact weight to the nearest 0.01 g. A 2 g 
sample size may also be used if needed to meet the reporting limits. 

11.10.3. Measvu-e additional aliquots of the designated samples for the MS and MSD 
analyses. 

11.10.4. Spike each of tiie MS and MSD aliquots with 2 mL of the working LCS/MS 
spiking solution (7.3 or 7.4). 

11.10.5. Prepare a beaker for the method blank. 
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11.10.6. Prepare a beaker for the LCS. Add 2 mL of the working LCS/MS spiking 
solution (7.3 or 7.5). 

11.10.7. Add 10 mL of 1:1 HNO3 and mix the sample. 

11.10.8. Heat sample to 95° ±4° C and reflux for 10 minutes without boiling, using a 
vapor recovery device. 

Note: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY during 
any part of the digestion. Doing so will result in the loss of analyte 
and the sample must be reprepared. 

11.10.9. Allow sample to cool, if necessary. 

11.10.10. Add 5 mL of concentrated HNO3 and replace vapor recovery device. 

11.10.11. Reflux at 95° ±4° C for 30 minutes. (Add reagent water as needed to ensvire 
that the volume of solution is not reduced to less than 5 mL.) 

11.10.12. If brown fumes are observed, repeat step 11.10.10 until no more fumes are 
evolved. 

11.10.13. Allow the samples to cool, if necessary. 

% 

11.10.14. Add approximately 2 mL of reagent water and 1 mL of 30 % H2O2. Care 
must be taken to ensure that losses do not occur due to excessively vigorous 
effervescence. 

11.10.15. Replace the vapor recovery device and heat sample xmtil effervescence 
subsides. 

11.10.16. Allow the sample to cool, if necessary. 

11.10.17. Continue adding 30% H2O2 in 1 mL aliquots with warming xmtil 
effervescence is minimal or sample appearance is unchanged. 

Note: Do not add more than a total of 10 mL of 30 % H2O2. 

11.10.18. Continue heating at 95° ±4° C for 75 minutes until the volume is reduced to 
approximately 5-10 mL. Alternatively the sample may be heated for 2 ^ ^ k 
hovirs. ^ ^ V 
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11.10.19. If the sample is being prepared for ICP or FLAA analyses add 10 mL of 
concentrated HCl and reflux for an additional 10 minutes without boiling. 
This step is omitted for analysis by ICP-MS and GFAA 

Note: Antimony and silver have poor solubility in dilute nitric acid 
solution. Therefore it is strongly recommended that these elements aî e 
determined by the ICP procedure that includes HCl as the final digestion 
acid. 

11.10.20. Allow the sample to cool. 

11.10.21. Wash down beaker walls and vapor recovery device with reagent water. 

11.10.22. Filter sample through Whatman 41 filter paper or equivalent into a 
graduated cylinder or equivalent or a pre-weighed bottle. Other meastiring 
bottles (for example, Coming Snap Seals''"'̂ ) may be used if their accuracy 
is documented and is better than + 2%. Rinse beaker and filter paper with 
reagent water to ensure complete sample transfer. 

Note: In place of filtering, the samples, after dilution and mixing, may be 
centrifuged or allowed to settle by gravity overnight to remove 
insoluble material 

11.10.23. Dilute sample to 100 mL or 1 OOg with reagent water. The sample is now 
ready for analysis. 

Note: This SOP allows for samples to be weighed instead of measured 
volumetrically. This assumes the density of the diluted sample is 
close to 1.0 g/mL (See Section 17.1.2). 

12. DATA ANALYSIS AND CALCULATIONS 

Not Applicable. 

13. METHOD PERFORMANCE 

13,1. Method performance is determined by the analysis of matrix spike and matrix spike 
duplicate samples as well as method blanks and laboratory control samples. In 
general, the matrix spike recovery should fall within +/- 20 % and the matrix spike 
duplicates should compare within 20% RPD. Method blanks must meet the criteria 
specified in the determinative SOPs, The laboratory control samples should recover 
within 20% of the true value until in house control limits are established. Acceptance 
criteria are given in the determinative SOPs, 
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13.2. The initial demonstration study as detailed in Section 9.1.2 must be acceptable before 
the analysis of field samples under this SOP may begin. The results of the initial 
demonstration study may be used to extend a method for the analysis of other elements 
provided all acceptance criteria are met. 

13.3. Training Qualification: 

The group/team leader has the responsibility to ensure that this procedure is performed 
by an associate who has been properly trained in its use and has the required 
experience. 

14. POLLUTION PREVENTION 

14.1. This method does not contain any specific modifications that serve to minimize or 
prevent pollution. 

15. WASTE MANAGEMENT 

15,1, Waste generated in the procedure must be segregated and disposed according to the 
facility hazardous waste procedures. The Environmental Health and Safety Director 
should be contacted if additional information is required. 

% 

« 

15.2, Standards should be purchased and prepared in volumes consistent with laboratory use 
to minimize the volume of expired standards to be disposed. 

16. REFERENCES 

16.1, Test Metiiods for Evaluating Solid Waste, Physical/Chemical Metiiods, SW-846,3rd 
Edition, Final Update HI, December 1996. Method 3050B. 

16.2, CORP-MT-OOOl, Inductively Coupled Plasma-Atomic Emission Spectroscopy, 
Spectrometric Method for Trace Element Analysis of Water and Wastes, Method 
6010B and Method 200,7. 

16.3, CORP-MT-0003, Graphite Furnace Atomic Absorption Specti-oscopy, SW846 Method 
7000A and MCA WW 200 Series Metiiods, 

16.4, NC-MT-0002, Inductively Coupled Plasma-Mass Specti-ometiy, EPA Metiiods 6020 
and 200.8. 

% 
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16.5. QA-003, STL North Canton QC Program. 

16.6. QA-004, Rounding and Significant Figures. 

16.7. QA-005, Method Detection Limits. 

17. MISCELLANEOUS (TABLES, APPENDICES, ETC. . . ) 

17.1. Modifications/Interpretations from reference method. 

17.1.1. Chapter 1 of SW-846 states that the method blank should not contain any 
analyte of interest at or above the MDL. This SOP states that the method 
blank must not contain any analyte of interest at or above the reporting limit. 
Common lab contaminants, as defined in the determinative SOPs, are 
allowed up to two times the reporting limit in the blank following 
consultation with the client. 

17.1.2. This SOP allows for aqueous samples to be weighed instead of measured 
volumetrically. This assumes the density of the sample is close to 1.0 g/mL. 
Samples with large amovmts of sediment or suspended solids, sludges, non
aqueous liquids must be processed volumetrically. Weighing samples 
directly into the digestion vessel minimizes the potential for cross 
contamination, offers improved accmacy over the use of graduated cylinders 
(comparable to volumetric flask accuracy), uses less glassware and is more 
efficient. 

# 

17.2. Modifications from previous SOP 
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17.2.1. ICP/MS has been added as an appropriate determinative technique. 

17.2.2. The approved analyte list may be modified provided that additional elements 
meet the requirements in section 13. 

17.2.3. Directions for digestion for set time periods rather than reduction to set 
volumes have been added, 

17.2.4. The order of two steps in the digestion has been changed. (See section 
11.10.20) 

17.2.5. Definition of the method as determining total environmentally available metals 
has been added, 

17,3. Facility Specific SOPs 

Each facility shall attach a list of facility specific SOPs or approved attachments (if 
applicable) which are required to implement this SOP or which are used in conjunction 
with this SOP. If no facility specific SOPs or amendments are to be attached, a 
statement must be attached specifying that there are none. Refer to the Appendices fo: 
any facility specific information required supporting this SOP. 

'11 

17,4, Documentation and Record Management 

The preparation benchsheet should, at a minimum, include the following information: 

• Preparation date, analyst initials, matrix, prep type (ICP or GFAA), SOP reference. 

• Sample ID; initial weight/volume and final weight/volume. 

• Standards Documentation (source, lot, prep date, volume added). 

• Analyst Signature. 

• Reviewer's Signature and date. 

% 
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Figure 1. Soil Sample Preparation (Section 11.10) 
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Figure 2. Soil Sample Preparation (continued) 
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TABLE I. Method 3050A Approved Analyte List 

ELEMENT 

^S^^^i^ 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallivun 
Vanadium 
Zinc 

Symbol 
^ r ^ - ( ^ ^ § | 

AI 
Sb 
As 
Ba 
Be 
Cd 
Ca 
Cr 
Co 
Cu 
Fe 
Pb 
Mg 
Mn 
Mo 
Ni 
K 
Se 
Ag 
Na 
Tl 
V 
Zn 

CAS Number 

^ ^ ^ 0 $ ^ ^ ^ 
7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-98-7 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

% 
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TABLE IL ICP and FLAA Soil Matrix Spike and Aqueous LCS Levels 

^ 

ELEMENT 
Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Lithium 
Magnesium 
Manganese 

Molybdenum 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Strontium 
Thallium 

Vanadium 
Zinc 

Boron 
Tin 

Titanium 

Working LCS/MS 
Standard (mg/L) 

100 
25 
100 
100 
2.5 
2.5 

2500 
10 
25 

12.5 
50 
25 
50 

2500 
25 
50 
25 

2500 
100 
2.5 

2500 
50 
100 
25 
25 
50 
100 
50 

Aqueous LCS/MS 
Level* (ug/L) 

2000 
500 

2000 
2000 

50 
50 

50000 
200 
500 
250 
1000 
500 
1000 

50000 
500 
1000 
500 

50000 
2000 

50 
50000 
1000 
2000 
500 
500 
1000 
2000 
1000 

Soil MS Level *• 
(mg/Kg) 

200 
50 

200 
200 

5 
5 

5000 
20 
50 
25 
100 
50 
100 

5000 
50 
100 
50 

5000 
200 

5 
5000 
100 
200 
50 
50 
100 
200 
100 

* Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or 
matrix spike based on the addition of 2.0 mL working spike (7.3) to 100 mL of sample. 

** Final soil spike concentration based on the addition of 2.0 mL working spike (7.3) to 1.0 g 
of sample/100 mL final volume (assumes 100% solids). 

4 P 
TABLE III. ICPMS Soil Matrix Spike and Aqueous LCS Levels 
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ELEMENT 
Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

Molybdenum 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Strontium 
Thallium 

Vanadium 
Zinc 

Boron 
Tin 

Titanium 
Zirconium 

Working LCS/MS 
Standard (mg/L) 

10 
10 
10 
10 
10 
10 

100 
10 
10 
10 

100 
10 
100 
10 
10 
10 

100 
10 
10 

100 
10 
10 
10 
10 
10 
10 
10 
10 

Aqueous LCS/MS 
Level* (ug/L) 

1000 
100 
100 
100 
100 
100 
1000 
100 
100 
100 
1000 
100 

1000 
100 
100 
100 
1000 
100 
100 

1000 
100 
100 
100 
100 
100 
100 
100 

Soil MS Level *• 
(mg/Kg) 

100 
10 
10 
10 
10 
10 
100 
10 
10 
10 
100 
10 

100 
10 
10 
10 
100 
10 
10 

100 
10 
10 
10 
10 
10 
10 
10 

100 10 1 

% 

• Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or 
matrix spike based on the addition of 1.0 mL working spike (7.4) to 100 mL of sample. 

** Final soil spike concentration based on the addition of 1.0 mL working spike (7.4) to 1.0 g 
of sample/100 mL final volume (assumes 100% solids). 
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TABLE IV. GFAA Soil Matrix Spike and Aqueous LCS Spike Levels 

C 

ELEMENT 

Arsenic 

Selenium 

Lead 

Thallium 

Antimony 

Cadmium 

Chromium 

Silver 

Stock LCS/MS 
Standard (mg/L) 

400 

400 

400 

400 

400 

40 

100 

50 

Working LCS/MS 
1 Standard (ug/L) 

2000 

2000 

2000 

2000 

2000 

200 

500 

250 

Aqueous LCS/MS 
Level * (ug/L) 

40 

40 

40 

40 

40 

4 

10 

5 

Soil MS Level** 
(mg/Kg) 

4 

4 

4 

4 

4 

0.4 

1 

0.5 

* Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or 
matrix spike based on the addition of 1.0 mL working spike (7.5) to 50 mL of sample. 

** Final soil spike concentration based on the addition of 2.0 mL working spike (7,5) to 1,0 g 
of sample/100 mL final volume (assumes 100% solids). 

tf 
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FABLE V. Summary 
QC PARAMETER 

Method Blank 

Laboratory Control 
Sample (LCS) 

Matrix Spike 

1 Matrix Spike 
Duplicate 

of Quality Control Requirements 
FREQUENCY 

One per sample 
preparation batch of 
up to 20 samples. 

One per sample 
preparation batch of 
up to 20 samples. 

One per sample 
preparation batch of 
up to 20 samples. 

See Matrix Spike 

ACCEPTANCE 
CRITERIA 
Refer to determinative 
SOPs: 

CORP-MT-OOOl 
CORP-MT-0003 

Refer to determinative 
SOPs: 

CORP-MT-OOOl 
CORP-MT-0003 

Refer to determinative 
SOPs: 

CORP-MT-OOOl 
CORP-MT-0003 

Refer to determinative 
SOPs: 

CORP-MT-OOOl 
CORP-MT-0003 

CORRECTIVE 
ACTION 
Redigest and reanalyze 
samples. 

Redigest and reanalyze 
all samples associated 
with the LCS. 

Reprep not required 1 
unless preparation 
error suspected. 

See Corrective Action 1 
for Matrix Spike. 

% 

% 
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APPENDIX B. CONTAMINATION CONTROL GUIDELINES 

The following procedures are strongly recommended to prevent contamination: 

All work areas used to prepare standards and spikes should be cleaned before and 
after each use. 

All glassware should be washed with detergent and tap water and rinsed with 1:1 
nitric acid followed by deionized water. 

Proper laboratory housekeeping is essential in the reduction of contamination in the 
metals laboratory. All work areas must be kept scrupulously clean. 

Powdered or latex gloves must not be used in the metals laboratory since the powder 
contains silica and zinc, as well as other metallic analytes. Only vinyl or nitrile 
gloves should be used in the metals laboratory. 

Glassware should be periodically checked for cracks and etches and discarded if 
found. Etched glassware can cause cross contamination of any metallic analytes, 

Autosampler trays should be covered to reduce the possibility of contamination. 
Trace levels of elements being analyzed in the samples can be easily contaminated by 
dust particles in the laboratory. 

The following are helpful hints in the identification of the source of contaminants: 

Reagents or standards can contain contaminants or be contaminated with the improper 
use of a pipette. 

Improper cleaning of glassware can cause contamination. 

Separate glassware if an unusually high sample is analyzed and soak with sulfuric 
acid prior to routine cleaning. 

« 
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1. SCOPE AND APPLICATION 

1.1. This procedure describes the preparation of aqueous samples for the analysis of 
certain metals by Graphite Furnace Atomic Absorption (GFAA), Flame Atomic 
Absorption (FLAA), Inductively Coupled Plasma Atomic Emission Spectroscopy 
(ICP), and Inductively Coupled Plasma-Mass Spectrometry (ICP/MS) using the 
MCAWW 200 series methods (NPDES) and SW846 Methods 3005A, 3010A, 3020A 
and 7060A/7740 (RCRA). 

1.2. The applicability of each of these preparation protocols to specific analytes is detailed 
in Tables I and n (Appendix A) and the applicable determinative methods are 
illustrated by Figures 6 and 7 (Section 17). Additional elements may be analyzed 
following digestion by these protocols provided that the method performance criteria 
specified in Section 13.0 of this SOP are met. 

1.3. This SOP provides procedures applicable to the preparation of dissolved, suspended, 
total recoverable and total elements in ground water, aqueous samples, certain 
aqueous sludges, wastes, and biological tissues, and leachates/extracts. 

1.4. SW-846 Method 3005A is used to prepare surface and groundwater samples for total 
recoverable and dissolved metals determination by FLAA, ICP and GFAA (antimony 
only). 

1.5. MCAWW Method 200.7 Section 9.4 is used to prepare surface water, domestic and 
industrial waste samples for total recoverable and dissolved metals determination by 
ICP. 

1.6. SW-846 Method 3010A is used to prepare aqueous samples, EP and mobility-
procedure extracts, and wastes that contain suspended solids for total metals analysis 
by FLAA or ICP. 

1.7. MCAWW Method 200.7 Section 9.3 is used to prepare surface water and wastes that 
contain suspended solids for total metals analysis by ICP. 

1.8. SW-846 Method 3020A is used to prepare aqueous samples, EP and mobility-
procedure extracts, and wastes that contain suspended solids for total metals by 
GFAA, or ICP/MS. 

1.9. MCAWW Method 200.0 Section 4.1.3 is used to prepare surface water and wastes 
that contain suspended solids for total metals analysis by GFAA. 

• 
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1.10. MCAWW Method 200.0 Section 4.1.4 is used to surface water, domestic and 
industrial waste samples for total recoverable and dissolved metals determination by 
GFAA. 

1.11. SW-846 Methods 7060A and 7740, respectively, contain the procedure for the 
preparation of aqueous samples for arsenic and selenium. 

1.12. MCAWW Methods 206.2 and 270.2, respectively, contain the procedure for the 
preparation of aqueous samples for arsenic and selenium. 

1.13. All matrices require digestion prior to analysis with the exception of analyses for 
dissolved metals in filtered and acidified aqueous samples. Although digestion is not 
specifically required by the method, some clients and regulators do require digestion 
of dissolved samples and this must be clarified before project initiation. 

2. SUMMARY OF METHOD 

2.1. Method 3005A / Method 200.7 Section 9.4 - Preparation for Total Recoverable or 
Dissolved Metals Analysis by FLAA or ICP Spectroscopy 

2.1.1. A representative aliquot of sample is heated with nitric and hydrochloric acids 
and substantially reduced in volume. The digestate is filtered (if necessary) 
and diluted to volume. 

2.2. Method 3010A / Method 200.7 Section 9.3 - Preparation for Total Metals Analysis 
by FLAA or ICP Spectroscopy 

2.2.1. A representative aliquot of sample is refluxed with nitric acid. After the 
digestate has been reduced to a low volume, it is refluxed with hydrochloric 
acid, filtered (if necessary) and brought up to volume. 

2.3. Method 3020A / Method 200.0 Section 4.1.3 - Preparation for Total Metals for 
Analysis by GFAA Spectroscopy and ICP/MS. 
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2.3.1. A representative aliquot of sample is refluxed with nitric acid. After the 
digestate has been reduced to a low volume, it is cooled, filtered (if necessary) 
and brought up to volume. 

2.4. Methods 7060A/206.2 and Methods 7740/270.2 - Preparation for Arsenic/Selenium 
Analysis by GFAA 

2.4.1. A representative aliquot of sample is heated with nitric acid and peroxide until 
the digestate has been reduced to a low volume. The sample is cooled, filtered 
(if necessary) and brought up to volume. 

2.5. Method 200.0 Section 4.1.4 - Total Recoverable GFAA Preparation (NPDES) 

2.5.1. A representative aliquot of sample is heated with nitric acid and until the 
digestate has been reduced to a low volume. The sample is cooled, filtered (if 
necessary) and brought up to volume. 

DEFINITIONS 

Additional definitions of terms used in this SOP may be found in the glossary of the LQM. 

3.1. Dissolved Metals: Those elements which pass through a 0.45 um membrane. 
(Sample is acidified after filtration). 

3.2. Suspended Metals: Those elements which are retained by a 0.45 um membrane. 

3.3. Total Metals: The concentration determined on an unfiltered sample following 
digestion. 

3.4. Total Recoverable Metals: The concentration determined on an unfiltered sample 
following treatment with hot, dilute mineral acid. 

INTERFERENCES 

4.1. There are numerous routes by which samples may become contaminated. Potential 
sources of trace metals contamination include: metallic or metal-containing labware 
(e.g., talc gloves which contain high levels of zinc), containers, impure reagents, dirty 
glassware, improper sample transfers, dirty work areas, atmospheric inputs such as 
dirt and dust, etc. Be aware of potential sources of contamination and take 
appropriate measures to minimize or avoid them. % 
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4.2. The entire work area, including the bench top and fume hood, should be thoroughly 
cleaned on a routine schedule in order to minimize the potential for environmental 
contamination. Refer to Appendix B for additional contamination control guidelines. 

4.3. Boron and silica from the glassware will migrate into the sample solution during and 
following sample processing. For critical low level determinations of boron and 
silica, only quartz and/or plastic labware should be used. 

4.4. Physical interference effects may contribute to inaccuracies in the determinations of 
trace elements. Oils, solvents and other matrices may not be digested using these 
methods if they are not soluble with acids. If physical interferences are present, they 
should be documented. 

4.5. Visual interferences or anomalies (such as foaming, emulsions, precipitates, etc.) 
must be documented. 

4.6. Allowing samples to boil or go dry during digestion may result in the loss of volatile 
metals. If this occurs the sample must be reprepared. Antimony is easily lost by 
volatilization from hydrochloric acid media. 

4.7. Precipitation of silver chloride (AgCl) may occur when chloride ions and high 
concentrations of silver (i.e., greater than 1 mg/L) are present in the sample. 

4.8. Specific analytical interferences are discussed in each of the determinative methods. 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all 
STL associates. 

5.2. Eye protection that satisfies ANSI Z87.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and appropriate gloves must be worn while samples, standards, 
solvents, and reagents are being handled. Disposable gloves that have been 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have 
not been fully defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS) maintained in the laboratory. The following 
specific hazards are known: 
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5.3.1. The following materials are known to be corrosive: 

hydrochloric acid and nitric acid. 

5.3.2. The following materials are known to be oxidizing agents: 

nitric acid and hydrogen peroxide. 

5.3.3. All sample digestions, including cooling of digestates, must be carried out in a 
fume hood. 

5.4. The acidification of samples containing reactive materials may result in the release of 
toxic gases, such as cyanides or sulfides. Acidification of samples should be done in 
a fume hood. The analyst should also be aware of the potential for a vigorous 
reaction. 

5.5. Exposure to chemicals must be maintained as low as reasonably achievable. 
Therefore, unless they are known to be non-hazardous, all samples should be opened, 
transferred and prepared in a fume hood, or under other means of mechanical 
ventilation. Solvent and waste containers will be kept closed unless transfers are 
being made. 

5.6. All work must be stopped in the event of a known or potential compromise to the 
health and safety of a STL associate. The situation must be reported immediately to a 
laboratory supervisor. 

5.7. Always carry bulk concentrated acid bottles in appropriate impact proof containers. 

5.8. Acid/peroxide spills must be neutralized immediately, flushed with water and cleaned 
up using appropriate spill kits. 

5.9. Discard chipped or broken beakers to prevent injury. Chipped glassware may be fire 
polished as an alternative to disposal. 

5.10. Any and all accidents and spills must be reported to the lab supervisor or EH&S 
coordinator. 

6. EQUIPMENT AlVD SUPPLIES 

6.1. Hot plate, digestion block or other adjustable heating source capable of maintaining a 
temperature of 95°C (± 4). 
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6.2. Calibrated thermometer that covers a temperature range of 0-200°C. 

6.3. Griffin beakers of assorted sizes or equivalent. 

6.4. Watch glasses, ribbed or equivalent. 

6.5. Whatman No. 4 filter paper or equivalent. 

6.6. Funnels or equivalent filtration apparatus. 

6.7. Centrifugation equipment (if desired method of removing particulates is 
centrifugation). 

6.8. Graduated cylinder or equivalent capable of measuring 50 mL within 3% accuracy. 

6.9. Analytical balance capable of accurately weighing to the nearest 0.01 grams. 

6.10. Repipetors or suitable reagent dispensers. 

( 6.11. Calibrated automatic pipettes with corresponding pipette tips or Class A glass 
volumetric pipettes. 

6.12. Class A volumetric flasks. 

6.13. pH indicator strips (pH range 0 - 6). 

6.14. Plastic digestate storage botties. 

7. REAGENTS AND STANDARDS 

7.1. Reagent water must be produced by a Millipore DI system or equivalent. Reagent 
water must be free of the analytes of interest as demonstrated through the analysis of 
method blanks as defined in the determinative SOPs. 

7.2. Laboratory Control Sample (LCS) and matrix spike (MS) solutions are purchased as 
custom STL solutions. All standards must be stored in FEP fluorocarbon or 
previously unused polyethylene or polypropylene bottles. Stock standard solutions 
must be replaced prior to the expiration date provided by the manufacturer. If no 
expiration date is provided, the stock solutions may be used for up to one year and 
must be replaced sooner if verification from an independent source indicates a 
problem. 

# 
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7.3. Working ICP LCS/MS spike solution: Prepare the ICP LCS/MS working spike 
solution from custom stock standards to the final concentration listed in Table m. 
The working spike must be prepared in a matrix of 5% HNO3. This acid (5 mL of 
concentrated HNO3 per 100 mL) must be added to the volumetric flask before the 
addition of the stock standard aliquot. The working ICP LCS solution must be made 
fresh every three months. 

7.4. Working GFAA LCS/MS spike solution: Prepare the GFAA working LCS spike 
solution by diluting the custom stock solution (7.2) 200x. The working spike solution 
must be prepared in a matrix of 5% HNO3. This acid (5 mL of concentrated HNO3 
per 100 mL) must be added to the volumetric flask before the addition of the stock 
standard aliquot. The working GFAA LCS solution must be made fresh every three 
months. 

7.5. The TCLP MS working spike solution is provided directly by the vendor, no further 
standard preparation is necessary. 

7.6. The LCS and MS samples must contain all the elements designated for analysis in 
each batch of samples. If a non-routine element is required that is not contained in the 
custom STL solution, the individual facility must purchase a solution from the 
designated vendor that will cover the additional ana]yte(s) of interest and provide for - ^ 
a final spike concentration that is appropriate to the determinative method. 

7.7. Aqueous laboratory control samples (LCSW) and matrix spike samples are prepared 
as described in Sections 9.5 and 9.6. Refer to Tables III and rV(Appendix A) for 
details regarding the stock, working standard and final digestate spike concentrations 
for ICP and GFAA LCS and matrix spike preparations. 

7.8. Nitric acid (HNO3), concentrated, trace metal grade or better. 

7.9. Nitric acid, 1:1- dilute concentrated HNO3 with an equal volume of reagent water. 

Note: When preparing diluted acids always add acid to water. If the water is added to 
the acid a violent reaction may occur. 

7.10. Hydrochloric acid (HCl), concentrated, trace metal grade or better. 

7.11. Hydrochloric acid, 1:1 - dilute concentrated HCl with an equal volume of reagent 
water. 

Note: When preparing diluted acids always add acid to water. If the water is added to ^jk^ 
the acid a violent reaction may occur. ^ 9 
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7.12. 30% Hydrogen peroxide (H2O2), reagent grade. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Sample holding time for metals included under the scope of this SOP is 180 days 
from the date of collection to the date of analysis. 

8.2. Aqueous samples are preserved with nitric acid to a pH of <2 and may be stored in 
either plastic or glass. If boron or silica are to be determined, plastic containers are 
preferred. Refrigeration is not required. Preservation must be verified prior to 
analysis. 

8.3. For dissolved metals analysis, the samples should be filtered through a 0.45 um filter 
prior to preservation. Filtration must be done in the field or within 24 hours of 
collection. 

Note: If a sample being analyzed for dissolved metals is found to contain sediment 
the analyst should contact their supervisor or group leader. The client should 
be notified of the problem to decide how to treat the sample. 

9. QUALITY CONTROL 

Table VI (Appendix A) provides a summary of quality control requirements including type, 
frequency, acceptance criteria and corrective action. 

9.1. Initial Demonstration of Capability 

Prior to analysis of any analyte using any method contained within this SOP the 
following requirements must be met: 

9.1.1. Method Detection Limit (MDL) - An MDL must be determined for each 
analyte/matrix prior to the analysis of any samples. The MDL is determined 
using seven replicates of reagent water, spiked with all the analytes of interest, 
that have been carried through the entire analytical procedure. MDL's must be 
redetermined on an annual basis in accordance with 40 CFR Part 136 
Appendix B requirements as detailed in STL QA Policy QA-005. The spike 
level must be between the calculated MDL and lOX the MDL to be valid. The 
result of the MDL determination must be below the STL reporting limit. 

9.1.2. Initial Demonstration Study - This requires the analysis of four QC check 
samples. The QC check sample is a well-characterized laboratory generated 
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sample used to monitor method performance, which should contain all the 
analytes of interest. The results of the initial demonstration study must be 
acceptable before analysis of samples may begin. The results of the initial 
demonstration study may be used to extend a method for the analysis of other 
elements provided all acceptance criteria are met. 

9.1.2.1. Four aliquots of the check sample (LCS) are prepared and analyzed 
using the procedures detailed in this SOP and the determinative 
SOPs. 

9.1.2.2. Calculations and acceptance criteria for QC check samples are given 
in the determinative SOPs (CORP-MT-OOOl, CORP-MT-0003). 

9.2. Preparation Batch - A group of up to 20 samples that are of the same matrix and are 
processed together using the same procedures and reagents. The preparation batch 
must contain a method blank, a LCS and a matrix spike/matrix spike duplicate. In 
some cases, at client request, it may be appropriate to process a matrix spike and 
sample duplicate in place of the MS/MSD. If clients specify specific samples for 
MS/MSD, the batch may contain multiple MS/MSD pairs. 

# 9.3. Sample Count - Laboratory generated QC samples (method blanks, LCS) are not 
included in the sample count for determining the size of a preparation batch. 
MS/MSD are not included in the sample count unless there are multiple sets of 
MS/MSD per batch. In other words, the first MS/MSD are not counted; all additional 
MS and MSDs are counted as samples. 

9.4. Method Blank (MB) - One method blank must be processed with each preparation 
batch. The method blank consists of reagent water containing all reagents specific to 
the method that is carried through the entire analytical procedure, including 
preparation and analysis. The method blank is used to identify any system and 
process interferences or contamination of the analytical system that may lead to the 
reporting of elevated analyte concentrations or false positive data. Criteria for the 
acceptance of blanks are contained within the individual analytical method SOP's. If 
the method blank does not meet the criteria contained within the analytical method 
SOPs; the blank and all associated samples in the batch must be redigested. 

9.4.1. Aqueous method blanks are prepared by taking 50 mL or 50 g of reagent water 
through the appropriate procedure as described in Section 11. 

9.4.2. TCLP method blanks are prepared by taking 50 mL or 50 g of leachate fluid 
through the appropriate procedure as described in Section 11. ^ ^ 



ACID DIGESTION OF AQUEOUS SAMPLES BY SW846 AND SOP No. CORP-IP-0003NC 
MCAWW 200 SERIES METHODS Revision No. 1.4 

Revision Date: 02/19/03 
APPENDIX A - TABLES Page 12 of 37 

9.5. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each 
preparation batch. The LCS must contain all analytes of interest and must be carried 
through the entire analytical procedure. The LCS is used to monitor the accuracy of 
the analytical process. On going monitoring of the LCS results provides evidence that 
the laboratory is performing the method within acceptable accuracy and precision 
guidelines. Criteria for the acceptance of LCS results are contained within the 
individual analytical method SOP's. Corrective action when LCS results fail to meet 
control limits will be repreparation and reanalysis of the batch. Refer to Section 7.3 
and 7.4 for instructions on preparation of the aqueous LCS spike solution. 

9.5.1. The aqueous LCS is prepared by spiking a 50 mL aliquot of reagent water 
with 1.0 mL of the working LCS/MS spike solution (7.3 or 7.4). The LCS is 
then processed through the appropriate procedure as described in Section 11. 

9.6. Matrix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be 
processed for each preparation batch. A matrix spike (MS) is a field sample to which 
known concentrations of target analytes have been added. A matrix spike duplicate 
(MSD) is a second aliquot of the same sample (spiked identically as the MS) prepared 
and analyzed along with the sample and matrix spike. Some client specific data 
quality objectives (DQO's) may require the use of sample duplicates in place of or in 
addition to MS/MSD's. The MS/MSD results are used to determine the effect of a 
matrix on the precision and accuracy of the analytical process. Samples identified as 
field blanks cannot be used for MS/MSD analysis. If any analyte recovery or RPD 
falls outside the acceptance range, the recovery of that analyte must be in control for 
the LCS. If the recovery of the LCS is outside limits, corrective action must be 
taken. Corrective action will include repreparation and reanalysis of the batch. 
Corrective action when MS results fail to meet control limits does not include 
repreparation of samples unless the results indicate that a spiking error may have 
occurred. 

9.6.1. The aqueous matrix spike sample is prepared by spiking a 50 mL aliquot of a 
sample with 1.0 mL of the working LCS/MS spike solution (7.3 or 7.4). The 
matrix spike sample is then processed as described in Section 11. 

9.6.2. The TCLP matrix spike sample is prepared by spiking a 50 mL aliquot of a 
leachate with 0.5 mL of the working TCLP spike solution (7.5). The matrix 
spike sample is then processed as described in Section 11. 

NOTE: The TCLP matrix spike must be added prior to preservation of the 
leachate. 
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9.6.3. If insufficient sample is available to process a MS/MSD, then a second LCS 
must be processed. The LCS pair is then evaluated according to the MS/MSD 
criteria. 

9.7. Quality Assurance Summaries - Certain clients may require specific project or 
program QC that may supersede the SOP requirements. Quality Assurance 
Summaries (QAS) should be developed to address these requirements. 

10. CALIBRATION AND STANDARDIZATION 

10.1 Hotplate temperature must be verified daily for each hotplate used and must be recorded 
on either the metals preparation log or in a hotplate temperature logbook. The 
hotplate temperature should be verified by measuring the temperature of a beaker of 
reagent water placed on each hotplate. 

11. PROCEDURE 

11.1. One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in procedure ^ ^ k 
shall be completely documented using a Nonconformance Memo and is approved by a ^ W 
Technical Specialist and QA Manager. If contractually required, the client shall be 
notified. The Nonconformance Memo shall be filed in the project file. 

11.2. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

11.3. All digestion procedures must be carried out in a properly functioning hood. 

11.4. All samples are to be checked out of sample control with the î hain of custody 
documentation filled out completely. 

11.5. Proper sample identification is extremely important in any preparation procedure. 
Labeling of beakers and botties must be done in a manner to ensure connection with 
the proper sample. 

11.6. Samples are typically logged in as either waters or soils. Wastes such as organic 
liquids or sludges and tissues (animal/vegetable) are usually logged in with solid test 
codes. When initiating prep, examine the sample to see if the sample matches the 
matrix designation. If the sample is logged in as aqueous but it appears more like a 
waste (biphasic, sludge like, organic liquid, lots of sediment etc.) contact the lab 

• 
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supervisor or project manager for further instructions. In some cases it may be more 
appropriate to process these samples as solids. 

11.7. If possible prepare all the samples of a project at the same time to minimize the QC 
required and streamline the flow of the project through the lab and reporting group. 

11.8. In most cases, both AA and ICP digests are required on each sample. It is 
recommended that both aliquots be measured out and processed at the same time. 

11.9. Guidelines are provided in the appendices on procedures to minimize contamination 
of samples and standards. 

11.10. The following procedure must be followed for all aqueous sample preparations: 

11.10.1. Measure sample pH with pH paper on a separate aliquot of sample. 

Note: If the sample pH is > 2 pH units, the client must be notified of the 
anomaly. 

Note: If sample pH has already been verified and documented in sample 
receipt this step may be omitted. 

11.10.2. Mix sample by shaking the container. 

11.10.3. Measure and transfer 50 mL or 50 g of the sample into a beaker. 

Note: This SOP allows for samples to be weighed instead of measured 
volumetrically. 

11.10.4. Measure two extra aliquots of sample selected for the MS/MSD analysis. 
Spike each aliquot with the appropriate spiking solutions (7.3-7.5,9.6). 

11.10.5. Measure and transfer 50 mL of reagent water into a beaker for the method 
blank. 

11.10.6. Measure and transfer 50 mL of reagent water into a beaker for the LCS and 
add the appropriate spiking solutions (7.3-7.5,9.6). 

• 
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11.11. Proceed to the appropriate Section for the desired method as follows: 
1 
Method 3005A or Method 200.7 Section 9.4 

Method 3010A or Method 200.7 Section 9.3 

Method 3020A or Method 200.0 Section 4.1.3 

Method 7060A/7740 or Method 206.2/270.2 

Method 200.0 Section 4.1.4 

11.12 

11.13 

11.14 

11.15 

11.16 

11.12. Method 3005A / Method 200.7 Section 9.4 - Preparation for Total Recoverable 
or Dissolved Metals Analysis by FLAA or ICP (See Figures 1, 6 and 7) 

11.12.1. To the sample beaker, add 1 mL of concentrated HNO3 and 2.5 mL of 
concentrated HCl. 

11.12.2. Cover with ribbed watch glass. 

11.12.3. Heat at 95°C (± 4) until volume is reduced to between 15 and 20 mL. 

NOTE: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY. Doing 
so will result in the loss of analyte and the sample must be 
reprepared. 

11.12.4. Cool the beaker in a fume hood. 

11.12.5. Wash down beaker walls and watch glass with reagent water. 

11.12.6. Filter sample, if insoluble materials are present, through Whatman 4 filter 
paper that has been pre-rinsed with dilute nitric acid. 

Note: If any samples in a preparation batch are filtered, the method blank 
and LCS associated with that batch must also be filtered. 

Note: In place of filtering, the samples, after dilution and mixing, may be 
centrifuged or allowed to settie by gravity overnight to remove 
insoluble material. 

J 

% 
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11.12.7. Rinse beaker and filter paper with reagent water to ensure complete 
sample transfer. 

11.12.8. Adjust the final volume/mass to 50 mL or 50 g with reagent water. The 
sample is now ready for analysis 

11.13. Method 301 DA / Method 200.7 Section 9.3 - Preparation for Total Metals 
Analysis by FLAA or ICP Spectroscopy (See Figures 2,6 and 7) 

11.13.1. To the sample beaker, add 3.0niL of concentrated HNO3. 

11.13.2. Cover with ribbed watch glass. 

11.13.3. Place beaker on hotplate 95°C (± 4) and evaporate for 4-5 hours or to low 
volume of 15-20 mL while ensuring that no portion of the bottom of the 
beaker is allowed to go dry. 

NOTE: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY. Doing so will 
result in the loss of analyte and the sample must be reprepared. 

11.13.4. If necessary, add another 1.5 ml portion of concentrated HNO3 and re
cover the beaker. Reflux 15 minutes. 

11.13.5. Add5niLof LlHCl. 

11.13.6. Cover and reflux for an additional 15 minutes to dissolve precipitate or 
residue. Cool in a fume hood. 

11.13.7. Wash down beaker walls and watch glass with reagent water. 

11.13.8. Filter sample, if insoluble materials are present, through Whatman 4 filter 
paper. 

Note: If any samples in the QC batch are filtered the method blank and 
LCS associated with that batch must also be filtered. 

Note: In place of filtering, the samples, after dilution and mixing, may be 
centrifuged or allowed to settle by gravity overnight to remove 
insoluble material. 

• 
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11.13.9. Rinse beaker and filter paper with reagent water to ensure complete 
sample transfer. 

11.13.10. Adjust final volume/mass to 50 mL or 50 g with reagent water. The 
sample is now ready for analysis. 

11.14. Method 3020A / Method 200.0 Section 4.1.3 - Preparation for Total Metals 
Analysis by GFAA or Total Recoverable Metals by ICPMS (See Figures 3, 6 and 
7) 

11.14.1. To the sample beaker, add 1.5 mL of concentrated HNO3. 

11.14.2. Cover with ribbed watch glass. 

11.14.3. Place beaker on hotplate 95°C (± 4) and evaporate to low volume of 15-20 
mL while ensuring that no portion of the bottom of the beaker is allowed 
to go dry. 

NOTE: DO NOT ALLOW SAMPLE TO BOIL OR GO DRY. Doing so will 
result in the loss of analyte and the sample must be reprepared. j 

11.14.4. If necessary, add another 1.5 mL portion of concentrated HNO3. Recover, 
and reflux 15 minutes. Cool the beaker in a fume hood. 

11.14.5. Filter sample, if insoluble materials are present, through Whatman 4 filter 
paper. 

Note: If any samples in the QC batch are filtered the method blank and 
LCS associated with that batch must also be filtered. 

Note: In place of filtering, the samples, after dilution and mixing, may be 
centrifuged or allowed to settle by gravity overnight to remove 
insoluble material. 

11.14.6. Rinse beaker and filter paper with reagent water to ensure complete 
sample transfer. 

11.14.7. Adjust final volume to 50 mL with reagent water. The sample is now 
ready for analysis. 

11.15. Method 7060A/7740 and Method 206,2/270.2 - Preparation for Arsenic and 
Selenium Analysis by GFAA (See Figures 4, 6 and 7) 
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11.15.1. To the sample beaker, add 1 mL of 30 % H2O2 and 1.0 mL of 1:1 HNO3. 

11.15.2. Heat, until the digestion is complete, at 95°C (± 4) or until the volume has 
been reduced to 15-20 mL. 

11.15.3. Cool beaker. 

11.15.4. Filter sample, if insoluble materials are present, through Whatman 4 filter 
paper that has been pre-rinsed with dilute nitric acid. 

Note: If any samples in the QC batch are filtered the method blank and 
LCS associated with that batch must also be filtered. 

Note: In place of filtering, the samples, after dilution and mixing, may be 
centrifuged or allowed to settle by gravity overnight to remove 
insoluble material. 

11.15.5. Rinse beaker and filter paper with reagent water to ensure complete 
sample transfer. 

\ . ^ 11.15.6. Adjust final volume to 50 mL with reagent water. The sample is now 
ready for analysis. 

11.16. Method 200.0 Section 4,1.4 - Preparation for Total Recoverable GFAA 
Analyses. (See Figures 5 and 7) 

11.16.1. To the sample beaker, add 1.0 mL of 1:1 HNO3. 

11.16.2. Heat, until the digestion is complete, at 95°C (± 4) or until the volume has 
been reduced to 15 - 20 mL. 

11.16.3. Cool beaker. 

11.16.4. Filter sample, if insoluble materials are present, though Whatman 4 filter 
paper. 

Note: If any samples in the QC batch are filtered the method blank and 
LCS associated with that batch must also be filtered. 

Note: In place of filtering, the samples, after dilution and mixing, may be 
centrifuged or allowed to settle by gravity overnight to remove 

V v insoluble material. 
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11.16.5. Rinse beaker and filter paper with reagent water to ensure complete 
sample transfer. 

11.16.6. Adjust final volume to 50 mL with reagent water. The sample is now 
ready for analysis. 

12. DATA ANALYSIS AND CALCULATIONS 

Not Applicable. 

13. METHOD PERFORMANCE 

13.1. Method performance is determined by the analysis of matrix spike and matrix spike 
duplicate samples as well as method blanks and laboratory control samples. In 
general, the matrix spike recovery should fall within +/- 20 % and the matrix spike 
duplicates should compare within 20% RPD. Method blanks must meet the criteria 
specified in determinative SOPs. The laboratory control samples should recover 
within 20% of the tme value until in house control limits are established. Acceptance 
criteria are given in the determinative SOPs. 

13.2. The initial demonstration study as detailed in Section 9.1.2 must be acceptable before 
the analysis of field samples under this SOP may begin. The results of the initial 
demonstration study may be used to extend a method for the analysis of other 
elements provided all acceptance criteria are met. 

13.3. Training Qualification: 

The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required experience. 

14. POLLUTION PREVENTION 

14.1. This method allows for the proportional reduction of sample and reagent volumes to 
decrease waste generation. 

15. WASTE MANAGEMENT 

15.1. Waste generated in the procedure must be segregated and disposed according to the 
facility hazardous waste procedures. The facility EH & S coordinator should be 
contacted if additional information is required. 

% 
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15.2. Standards should be purchased and prepared in volumes consistent with laboratory 
use to minimize the volume of expired standards to be disposed. 

16. REFERENCES 

16.1. Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd 
Edition, Final Update I, Revision 1, July 1992. Methods 3005A, 3010A, 3020A, 
7060A and 7740A. 

16.2. Methods for the Chemical Analysis of Water and Waste (MCAWW), 1983. 

16.3. CORP-MT-OOOl, Inductively Coupled Plasma-Atomic Emission Spectroscopy, 
Spectrometric Method for Trace Element Analysis of Water and Wastes, Method 
6010A and Method 200.7. 

16.4. CORP-MT-0003, Graphite Furnace Atomic Absorption Spectroscopy, SW846 
Method 7000A and MCAWW 200 Series Methods. 

16.5. QA-003, STL QC Program. 

16.6. QA-004, Rounding and Significant Figures. 

16.7. QA-005, Method Detection Limits. 

17 MISCELLANEOUS (TABLES, APPENDICES, ETC. . . ) 

17.1. Modifications/Interpretations from reference methods. 

17.1.1. Modifications applicable to SW-846 reference methods. 

17.1.1.1. Chapter 1 of SW-846 slates that the method blank should not 
contain any analyte of interest at or above the MDL. This SOP 
states that the method blank must not contain any analyte of interest 
at or above the reporting limit. Common lab contaminants are 
allowed up to two times the reporting limit in the blank following 
consultation with the client. 

17.1.1.2. The referenced methods as well as Table 3-1 of SW-846 refer to the 
use of a 100 mL aliquot for digestion. This SOP requires the use of 
a 50 mL sample size to reduce waste generation. The use of 
reduced sample volumes are supported in EPA's document 
"Response to Public Comments Background Document, 
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Promulgation of the Second Update to SW-846, Third Edition" 
dated November 3, 1994. This document stated "flexibility to alter 
digestion volumes is addressed and "allowed" by the table (3-1) and 
is also inherently allowed by specific digestion methods. Table 3-1 
is only to be used as guidance when collecting samples..." EMSL-
Ci has also taken the stance that "reduction in sample size and 
appropriate corresponding reduction in sample volume is not 
considered a significant change in the methodology." Additionally, 
in written correspondence from the Office of Solid Waste, Olliver 
Fordham stated " As a "representative sample" can be assured, 
scaling causes no loss of precision and accuracy in the analysis." 

17.1.2. Modifications Specific to Method 3010A 

17.1.2.1. Section 11.13.7 of this SOP requires the sample be reduced to a 
volume of 15 - 20 mL. Section 7.2 of Method 3010A states the 
volume should be reduced to 3 mL but also states that no portion 
of the bottom of the beaker should go dry. The SOP required 
volume is a closer approximation of the volume required to 
provide an adequate covering of the beaker so as to prevent the 
loss of critical analytes through volatilization. 

17.1.2.2. The scope of 3010A has been expanded to include silver based on 
comparison studies with 7760A. Method 301OA consistently 
demonstrated improved accuracy and precision over Method 
7760A in the matrices tested (reagent water, surface water and 
TCLP leachate) up to a concentration of 1 ppm silver. 

17.1.3. Modifications Specific to Method 3020A 

17.1.3.1. Section 11.14.3 of this SOP requires the sample be reduced to a 
volume of 15 - 20 mL. Section 7.2 of Method 3010A states the 
volume should be reduced to 3 mL but also states that no portion 
of the bottom of the beaker should go dry. The SOP required 
volume is a closer approximation of the volume required to 
provide an adequate covering of the beaker so as to prevent the 
loss of critical analytes through volatilization. 

17.1.4. Modifications Specific to Method 7060A/7740 

17.1.4.1. Methods 7060A and 7740A incorporate the use of a two step 
dilution to accommodate the addition of a nickel nitrate modifier. 

% 

% 

% 
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This SOP performs the dilution directiy in one step and omits the 
addition of the modifier. The modifier is added automatically at 
the instrument by direct injection into the furnace. 

17.1.5. Modifications Specific to MCAWW Methods 

It was determined by technical review that several of the MCAWW methods 
were equivalent to the SW-846 methods and therefore were combined under 
the scope of this SOP as described in Section 11.0. The nature of the 
differences were deemed insignificant in regards to the amount of acid 
added and the evaporative volume based on the flexibility allowed by the 
methods (i.e., add additional acid as required) and the subjective wording of 
the methods (i.e., evaporate to near dryness vs. an exact volume). 

17.2. Modifications from previous SOP 

17.2.1. Added ICP/MS to the digestion procedures. 

17.3. FaciHty Specific SOPs 

Each facility shall attach a list of facility specific SOPs or approved attachments (if 
applicable) which are required to implement this SOP or which are used in 
conjunction with this SOP. If no facility specific SOPs or amendments are to be 
attached, a statement must be attached specifying that there are none. Refer to the 
Appendices for any facility specific information required to support this SOP. 

17.4. Documentation and Record Management 

The preparation benchsheet should, at a minimum, include the following information: 

• Preparation date, analyst name, matrix, prep type (ICP or GFAA), SOP reference. 

• Sample ID; initial weight/volume and final weight/volume. 

• Standards Documentation (source, lot, prep date, volume added). 

• Analyst Signature. 

• Reviewer's Signature and date. 

• 
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Figure 1. Method 3005A / Method 200.7 Section 9,4 (Section 11.12) 
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Figure 2. Method 3010A / Method 200.7 Section 9.3 (Section 11,13) 
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Figure 3. Method 3020A / Method 200,0 Section 4,1.3 (Section 11,14) 
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Figure 4. Method 7060A/7740A and Method 206,2/270.2 (Section 11.15) 
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Figure 5. Method 200,0 Section 4.1.4 (Section 11,16) 
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Figure 6. Overview of SW846 Aqueous Preparation Methods by Determinative Method 
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Figure 7. Overview of MCAWW Aqueous Preparation Methods by Determinative Technique 
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TABLE I. Approved Preparation Method Analytes - SW846 

ELEMENT 

• ••-' * - S i 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Symbol 

5 

Al 
Sb 
As 
Ba 
Be 
Cd 
Ca 
Cr 
Co 
Cu 
Fe 
Pb 
Mg 
Mn 
Mo 
Ni 
K 
Se 
Ag 
Na 
Tl 
V 
Zn 

CAS Number 

'.'-' 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-98-7 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

3005A 

^ r . ^ 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

3010 
A 

-^i : 

X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

3020 

A 

'... -'-.V, 

X 
X 

X 
X 

X 

X 

X 
X 

7060 

A 

7740 

- v.;'t * 

X 

X 

y 

X - Designates that the preparation method is approved for an element 

Note: Additional elements may be analyzed following digestion by these protocols provided the 
method performance criteria specified in Section 13.0 of the SOP are met. 

• 
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TABLE II. Approved Preparation Method Analytes - NPDES 

# 

ELEMENT 
— - C » 4- • 

Aluminum 
Antimony 
Arsenic 
Boron 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Symbol 
K Ut 

Al 
Sb 
As 
B 
Ba 
Be 
Cd 
Ca 
Cr 
Co 
Cu 
Fe 
Pb 
Mg 
Mn 
Mo 
Ni 
K 
Se 
Si 
Ag 
Na 
Tl 
V 
Zn 

CAS Number 
.* , / ' , ' -','-' 

7429-90-5 
7440-36-0 
7440-38-2 
7440-42-8 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7439-98-7 
7440-02-0 
7440-09-7 
7782-49-2 
7631-86-9 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

200.7 
(9.4) 
•'',',. 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

200.7 
(9.3) 

^ f^ 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

200.0 
(4.1.4) 

• ^ . 

X 

X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 

X 

X 
X 

200.0 
(4.1.3) 

X 

X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 

X 

X 
X 

206.2 
270.2 

V*̂ * 

X 

X 

X - Designates that the preparation method is approved for an element 

• 

Note: Additional elements may be analyzed following digestion by these protocols provided the 
method performance criteria specified in Section 13.0 of the SOP are met. 
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TABLE III. ICP and FLAA Matrix Spike and Aqueous Laboratory Control Sample Levels 

ELEMENT 
Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
L^ad 

Magnesium 
Manganese 

Molybdenum 
Nickel 

Phosphorous 
Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 
Boron 

Tin 
Titanium 

Working LCS/MS 
Standard (mg/L) 

100 
25 
100 
100 
2.5 
2.5 

2500 
10 
25 

12.5 
50 
50 

2500 
25 
50 
25 

500 
2500 
100 
2.5 

2500 
100 
25 
25 
50 
100 
50 

Aqueous LCS/ MS 
Level * (ug/1) 

2000 
500 

2000 
2000 

50 
50 

50000 
200 
500 
250 
1000 
500 

50000 
500 
1000 
500 

10000 
50000 
2000 

50 
50000 
2000 
500 
500 
1000 
2000 
1000 

• 

* Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or 
matrix spike based on the addition of 1.0 mL working spike (7.3) to 50 mL of sample. 

TABLE IV. GFAA Matrix Spike and Aqueous LCS Spike Levels • 
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# 

ELEMENT 

Arsenic 

Selenium 

Lead 

Thallium 

Antimony 

Cadmium 

Chromium 

Silver 

1 Stock LCS/MS 
Standard (mg/L) 

400 

400 

400 

400 

400 

40 

100 

50 

Working 
LCS/MS 
Standard 

(ug/L) 

2000 

2000 

2000 

2000 

2000 

200 

500 

250 

Aqueous LCS/ 
MS T e.\e\ * 

(ug/1) 

40 

40 

40 

40 

40 

4 

10 

5 

* Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or matrix 
spike based on the addition of 1.0 mL working spike (7.4) to 50 mL of sample. 

# 

TABLE V, TCLP Reporting Limits, Regulatory Limits and Matrix Spike Levels 

ELEMENT 

Arsenic 
Barium 

Cadmium 
Chromium 

Lead 
Selenium 

Silver 

RL(ugA.) 

500 
10000 

100 
500 
500 
250 
500 

Regulatory Limit 
(ug/L) 
5000 

100000 
1000 
5000 
5000 
1000 
5000 

Spike Level (ug/L)* 

5000 
50000 
1000 
5000 
5000 
1000 
1000 

* Levels shown indicate the spike concentration in the final digestate of the aqueous LCS or matrix 
spike based on the addition of 0.5 mL working spike (7.4) to 50 mL of sample. 
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TABLE VI. Summary of Quality Control Requirements 

QC PARAMETER 

Method Blank 

Laboratory Control 
Sample (LCS) 

Matrix Spike 

Matrix Spike 
Duplicate 

FREQUENCY 

One per sample 
preparation batch of 
up to 20 samples. 

One per sample 
preparation batch of 
up to 20 samples. 

One per sample 
preparation batch of 
up to 20 samples. 

See Matrix Spike 

ACCEPTANCE 
CRIIERL^ 
Refer to determinative 
SOPs: 

NC-MT-0002 
CORP-MT-OOOl 
CORP-MT-0003 

Refer to determinative 
SOPs: 

NC-MT-0002 
CORP-MT-OOOl 
CORP-MT-0003 

Refer to determinative 
SOPs: 

NC-MT-0002 
CORP-MT-OOOl 
CORP-MT-0003 

Refer to determinative 
SOPs: 

NC-MT-0002 
CORP-MT-OOOl 
CORP-MT-0003 

CORRECTIVE 
ACTION 
Redigest and reanalyze 
samples associated 
with the method blank. 

Redigest and reanalyze 
all samples associated 
with the LCS. 

Reprep not required 
unless preparation 
error suspected. 

See Corrective Action 
for Matrix Spike. 

• 

• 
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APPENDIX B. CONTAMINATION CONTROL GUIDELINES 

The following procedures are strongly recommended to prevent contamination: 

All work areas used to prepare standards and spikes should be cleaned before and 
after each use. 

All glassware should be washed with detergent and tap water and rinsed with 1:1 
nitric acid followed by deionized water. 

Proper laboratory housekeeping is essential in the reduction of contamination in the 
metals laboratory. All work areas must be kept scrupulously clean. 

Powdered or Latex Gloves must not be used in the metals laboratory since the powder 
contains silica and zinc, as well as other metallic analytes. Only vinyl or nitrile 
gloves should be used in the metals laboratory. 

Glassware should be periodically checked for cracks and etches and discarded if 
found. Etched glassware can cause cross contamination of any metallic analytes. 

Autosampler trays should be covered to reduce the possibility of contamination. 
Trace levels of elements being analyzed in the samples can be easily contaminated by ^^^ 
dust particles in the laboratory. ^ H k 

The following are helpful hints in the identification of the source of contaminants: 

Reagents or standards can contain contaminants or be contaminated with the improper 
use of a pipette. 

Improper cleaning of glassware can cause contamination. 

Separate glassware if an unusually high sample is analyzed and soak with sulfuric acid prior to 
routine cleaning. 

• 
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SCOPE AND APPLICATION 

1.1. This procedure describes the analysis of trace elements including metals in solution 
by Inductively Coupled Plasma -Atomic Emission Spectroscopy (ICP-AES) using 
SW-846 Method 601 OB and EPA Metiiod 200.7 . Table I of Appendix A lists the 
elements appropriate for analysis by Methods 601 OB and 200.7. Additional elements 
may be analyzed under Methods 601 OB and 200.7 provided that the method 
performance criteria presented in Section 13.0 are met. 

1.2. ICP analysis provides for the determination of metal concentrations over several 
orders of magnitude. Detection limits, sensitivity and optimum concentration ranges 
of the metals will vary with the matrices and instrumentation used. For instance, in 
comparison to conventional ICP technique, ICP-Trace can achieve detection levels 
comparable to those determined using the graphite furnace atomic absorption 
spectroscopy (GFAAS) technique. 

1.3. Method 601 OB is applicable to the determination of dissolved, suspended, total 
recoverable and total elements in ground water, aqueous samples, soils, sludges, 
wastes, sediments, and TCLP, EP and other leachates/extracts. All matrices require 
digestion prior to analysis with the exception of analyses for dissolved metals in 
filtered and acidified aqueous samples. Although digestion is not specifically 
required by the method, some clients and regulators may require digestion of 
dissolved samples and this must be clarified and documented before project 
initiation. Silver concentrations must be below 2.0 mg/L in aqueous samples and 100 
mg/kg in solid matrix samples. Precipitation may occur in samples where silver 
concentrations exceed these levels and lead to the generation of erroneous data. 

1.4. Method 200.7 is applicable to the determination of dissolved, suspended, total 
recoverable, and total elements in water, waste water, and solid wastes. All matrices 
require digestion prior to analysis with the exception of analyses for dissolved metals 
m filtered and acidified aqueous samples if the criteria in Section 11.1 are met. Silver 
concentrations must be below 0.1 mg/L in aqueous samples and 50 mg/kg in solid 
matrix samples. 

1.5. State-specific requirements may take precedence over this SOP for drinking water 
sample analyses. 

1.6. The applicable LIMS method codes are QO (601 OB), QM (6010B Trace), AS (200.7), 
JI (200.7 Trace). 
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2. SUMMARY OF METHOD 

2.1. This method describes a technique for the determination of multi elements in solution 
using sequential or simultaneous optical systems and axial or radial viewing of the 
plasma. The basis of the method is the measurement of atomic emission by an optical 
spectroscopic technique. Samples are nebulized and the aerosol that is produced is 
transported to the plasma torch where excitation occurs. Characteristic atomic-line 
emission spectra are produced by a radio frequency inductively coupled plasma (ICP). 
The spectra are dispersed by a grating spectrometer and the intensities of the emission 
lines are monitored by photomultiplier tubes. The photocurrents fi-om the 
photomultiplier tubes are processed and controlled by a computer system. A 
background correction technique is required to compensate for variable backgroimd 
contribution to the determination of trace elements. Background must be measured 
adjacent to analyte lines during analysis. The position selected for the background 
intensity measurement, on either or both sides of the analytical line, will be 
determined by the complexity of the spectnmi adjacent to the analyte line. The 
position used must be free of spectral interferences and reflect the same change in 
background intensity as occurs at the analyte wavelength measured. Background 
correction is not required in cases of line broadening where a background correction 
measurement would actually degrade the analytical result. The possibility of 
additional interferences should also be recognized and appropriate actions taken. 
Alternatively, multivariate calibration methods may be chosen for which point 
selection for backgroimd correction is superfluous since whole spectral regions are 
processed. 

2.2. Refer to the appropriate SOPs for details on sample preparation methods. 

3. DEFINITIONS 

3.1. Dissolved Metals: Those elements which pass through a 0.45 um membrane. 
(Sample is acidified after filtration). 

3.2. Suspended Metals: Those elements which are retained by a 0.45 um membrane. 

3.3. Total Metals: The concentration determined on an unfiltered sample following 
vigorous digestion. 

3.4. Total Recoverable Metals: The concentration determined on an unfiltered sample 
following treatment with hot, dilute mineral acid. 

• 

• 
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4. INTERFERENCES 

4.1. Spectral, physical and chemical interference effects may contribute to inaccuracies in 
the determinations of trace elements by ICP. Spectral interferences are caused by: 

• Overlap of a spectral line from another element. 

• Unresolved overlap of molecular band spectra. 

• Background contribution from continuous or recombination phenomena. 

• Stray light from the line emission of high concentration elements. 

4.1.1. A background correction technique is required to compensate for variable 
background contribution to the determination of trace elements. Backgroimd 
correction is not required in cases where a background corrective 
measurement would actually degrade the analytical result. 

4.1.2. Inter-element correction factors (lECs) are necessary to compensate for 
spectral overlap. Inter-element interferences occur when elements in the 
sample emit radiation at wavelengths so close to that of the analyte that they 
contribute significant intensity to the analyte channel. If such conditions exist, 
the intensity contributed by the matrix elements will cause an excessively high 
(or sometimes low) concentration to be reported for the analyte. Inter-element 
corrections lECs must be applied to the analyte to remove the effects of these 
unwanted emissions. 

# 
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4.1.3. Physical interferences are generally considered to be effects £issociated with 
sample transport, nebulization and conversion within the plasma. These 
interferences may result in differences between instrument responses for the 
sample and the calibration standards. Physical interferences may occur in the 
transfer of solution to the nebulizer (e.g., viscosity effects), at the point of 
aerosol formation and transport to the plasma (e.g., surface tension) or during 
excitation and ionization processes within the plasma itself. Changes in 
viscosity and surface tension can cause significant inaccuracies, especially in 
samples containing high dissolved solids or high acid concentrations. If 
physical interferences are present, dilution of the sample, use of a peristaltic 
pump, mass flow controller, use of an internal standard and/or use of a high 
solids nebulizer can reduce the effect. 

4.1.4. Chemical interferences are characterized by molecular compound formation, 
ionization effects and solute vaporization effects. Normally these effects are 
not significant with the ICP technique but if observed can be minimized by 
buffering the sample, matrix matching or standard addition procedures. 

% 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all 
STL North Canton associates. 

5.2. Eye protection that satisfies ANSI Z87.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and appropriate gloves must be worn while samples, standards, 
solvents, and reagents are being handled. Disposable gloves that have been 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately. 

5.3. TTie health and safety hazards of many of the chemicals used in this procedure have 
not been fully defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS) maintained in the laboratory. 

5.3.1. The following materials are known to be corrosive: 

sulfuric acid, hydrochloric acid, nitiic acid and hydrofluoric acid. (NOTE: 
sulfiiric and hydrofluoric acids are used in cleaning the ICP torch and 
hydrofluoric acid is also commonly used in air toxics preparations.) 

5.3.2. The following materials are known to be oxidizing agents: 

nitric acid and hydrogen peroxide. 

% 

% 
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5.3.3. The plasma emits strong UV light and is harmful to vision. NOTE: AVOID 
looking directly at the plasma. 

5.3.4. The RF generator produces strong radio frequency waves, most of which are 
unshielded. People with pacemakers should not go near the instrument while 
in operation. 

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, 
therefore, unless they are known to be non-hazardous, all samples should be opened, 
transferred and prepared in a fiime hood, or under other means of mechanical 
ventilation. Metals digestates can be processed outside of a fume hood. Solvent and 
waste containers will be kept closed unless transfers are being made. 

5.5. All work must be stopped in the event of a known or potential compromise to the 
health and safety of a STL North Canton associate. The situation must be reported 
immediately to a laboratory supervisor. 

5.6. The use of hydrofluoric acid requires special safety precautions. Consult the facility 
EH&S Manager and laboratory supervisor for guidance. 

6. EQUIPMENT AND SUPPLIES 

6.1. Inductively Coupled Plasma Atomic Emission Spectrometer equipped with 
autosampler and background correction. 

6.2. Radio Frequency Generator. 

6.3. Argon gas supply, welding grade or equivalent. 

6.4. Coolflow or appropriate water cooling device. 

6.5. Peristaltic Pump. 

6.6. Calibrated automatic pipettes or Class A glass volumetric pipettes. 

6.7. Class A volumetric flasks. 

6.8. Autosampler tubes. 

7. REAGENTS AND STANDARDS 

7.1. Intermediate standards are purchased as custom STL North Canton multi-element 
mixes or as single-element solutions. All standards must be stored in FEP 
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fluorocarbon or unused polyethylene or polypropylene bottles. Intermediate standard 
solutions must be replaced prior to the expiration date provided by the manufacturer. 
If no expiration date is provided, the intermediate solutions may be used for up to one 
year and must be replaced sooner if verification from an independent source indicates 
a problem. Expiration dates can be extended provided that the acceptance criteria 
described in laboratory-specific SOPs are met. 

7.2. Working calibration and calibration verification solutions may be used for up to 3 
months and must be replaced sooner if verification from an independent source 
indicates a problem. Standards should be prepared in a matrix of 5% hydrochloric 
and 5% nitric acids. An exception to this is in the event the Trace ICP is utilized 
without the internal standard. In this case, the standard acid matrix must be matched 
to the final preparation matrix as listed in Section 11.9. 

7.3. Refer to Tables III, IV, FVA, V and VI (Appendix A) for details regarding the working 
standard concentrations for calibration, calibration verification, interference 
correction and spiking solutions. 

7.4. Concentrated nitric acid (HNO3), trace metal grade or better. 

7.5. Concentrated hydrochloric acid (HCl), trace metal grade or better. ^ ^ W 

7.6. Reagent water must be produced by a Millipore DI system or equivalent. Reagent 
water must be free of the analytes of interest as demonstrated through the analysis of 
method blanks. 

8. SAMPLE COLLECTl ON, PRESERVATI ON AND STORAGE 

8.1. Sample holding times for metals are six months from time of collection to the time of 
analysis. 

8.2. Aqueous samples are preserved with nitric acid to a pH of <2 and may be stored in 
either plastic or glass. If boron or silica are to be determined, plastic containers are 
preferred. Refrigeration is not required. Preservation must be verified prior to 
analysis. 

8.3. Soil samples do not require preservation but must be stored at 4°C ± 2° until the time 
of preparation. 

9. QUALITY CONTROL 

Table VII (Appendix A) provides a summary of quality control requirements including type, ^ ^ 
frequency, acceptance criteria and corrective action. ^ ^ f t 

9.1. Initial Demonstration of Capability 
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Prior to analysis of any analyte using either Method 200.7 or Method 601 OB, the 
following requirements must be met. 

Instrument Detection Limit (IDL) - The IDL for each analyte must be determined for 
each analyte wavelength used least each instrument. The IDL must be determined 
annually. If the instrument is adjusted in anyway that may affect the IDL, the IDL for 
that instrument must be redetermined. The IDL shall be determined by multiplying by 
3, the standard deviation obtained from the analysis of a standard solution (each 
analyte in reagent water) at a concentration 3x - 5x the previously determined IDL, 
with seven consecutive measurements. Each measurement must be performed as 
though it were a separate analytical sample (i.e., each measurement must be followed 
by a rinse and/or any other procedure performed between the analysis of separate 
samples). The result of the IDL determination must be below the STL North Canton 
reporting limit. The CLP IDL procedure can be used for this method. 

9.1.1. Method Detection Limit (MDL) - An MDL must be determined for each 
analyte prior to the analysis of any client samples. Refer to STL North Canton 
SOP NC-QA-002I for details on MDL analysis and criteria. 

9.1.2. Linear Range Verification (LR) - The linear range must be determined on at 
least an annual basis for each analyte wavelength used on each instrument. 
The linear range is the concentration above which results cannot be reported 
without dilution of the sample. The standards used to verify the linear range 
limit must be analyzed during a routine analytical run and must read within 
5% of the expected value. 

For the initial determination of the upper limit of the linear dynamic range 
(LDR) for each wavelength, determine the signal responses from a mim'mum 
of three to five different concentration standards across the estimated range. 
One standard should be near the upper limit of the estimated range. The 
concentration measured at the LDR must be no more than 10% less than the 
expected level extrapolated from lower standards. If the instrument is 
adjusted in any way that may affect the LRs, new dynamic ranges must be 
determined. The LR data must be documented and kept on file. 

9.1.3. Background Correction Points - To determine the appropriate location for off
line background correction when establishing methods, the user must scan the 
area on either side adjacent to the wavelength and record the apparent 
emission intensity from all other method analytes. This spectral information 
must be documented and kept on file. The location selected for background 
correction must be either free of off-line interelement spectral interference or a 
computer routine must be used for automatic correction on all determinations. 
Tests to determine spectial interference must be done using analyte 
concentrations that will adequately describe the interference. Background 
correction points must be set prior to determining lECs. Refer to the facility-
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specific instrument operation SOP and ICP instrument manual for specific 
procedures to be used in setting background correction points. 

9.1.4. Inter-element Corrections (lECs) - ICP interelement correction factors must be 
determined prior to the analysis of samples and every six months thereafter. 
If the instrument is adjusted in any way that may affect the lECs, the lECs 
must be redetermined. When initially determining lECs for an instrument, 
wavelength scans must be performed to ensure that solutions in use are free 
from contaminants. If an lEC varies significantly from the previously 
determined lEC then the possibility of contamination should be investigated. 
The purity of the lEC check solution can be verified by using a standard from 
a second source or an alternate method (i.e., GFAA or ICP-MS). Published 
wavelength tables (e.g. MIT tables, Inductively Coupled Plasma-Atomic 
Spectroscopy: Prominent Lines) can also be consulted to evaluate the validity 
of the lECs. Refer to the facility specific instrument operation SOP and 
instrument manufacturer's recommendations for specific procedures to be 
used in setting lECs. An lEC must be established to compensate for any 
interelement interference which results in a false analyte signed greater than ± 
the RL as defined in Tables I, lA or II. To determine lECs, run a single 
element standard at the established linear range. To calculate an lEC, divide 
the observed concentration of the analyte by the actual concentration of the 
"interfering element." 

Note: Trace ICP lECs are more sensitive to small changes in the plasma and 
instrument setup conditions. Adjustments in the lECs will be required 
on a more frequent basis for the Trace £is reflected by the ICSA 
response. Additional spectial interference is present from easily 
ionizable elements such as potassium and sodium in axial viewing 
instruments. 

9.1.5. Rinse Time Determination - Rinse times must be determined upon im'tial set
up of an ICP instrument. To determine the appropriate rinse time for a 
particular ICP system, the linear range verification standard (see 9.1.3) should 
be aspirated as a regular sample followed by the analysis of a series of rinse 
blanks. The length of time required to reduce the analyte signals to < RL will 
define the rinse time for a particular ICP system. For some analytes it may be 
impractical to set the rinse time based on the linear range standard result (i.e., 
analyte not typically detected in environmental samples at that level and an 
excessive rinse time would be required at the linear range level). Until the 
required rinse time is established, the method recommends a rinse period of at 
least 60 seconds between samples and standards. If a memory effect is 
suspected, the sample must be reanalyzed after a rinse period of sufficient 
length. Rinse time studies can be conducted at additional concentration levels. 
These additional studies must be documented and kept on file, if a 
concentration other than the linear range level is used to set the rinse time. The 

% 

% 
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concentration levels used to establish the rinse time must be taken into 
consideration when reviewing the data. 

9.2. Method Blank (MB) - One method blank must be processed with each preparation 
batch. The method blank consists of reagent water containing all reagents specific to 
the method that is carried through the entire analytical procedure, including 
preparation and analysis. The method blank is used to identify any system and 
process interferences or contamination of the analytical system that may lead to the 
reporting of elevated analyte concentrations or false positive data. The method blank 
should not contain any analyte of interest at or above the reporting limit (exception: 
common laboratory contaminants, see below) or at or above 5% of the measured 
concentration of that analyte in associated samples, whichever is higher (sample result 
must be a minimum of 20x higher than the blank contamination level). 

• If the analyte is a common laboratory contaminant (copper, iron, lead (Trace only) 
or zinc) the data may be reported with qualifiers if the concentration of the analyte 
in the method blank is less than two times the RL. Such action must be taken in 
consultation with the client and must be addressed in the project narrative. 

• Repreparation and reanalysis of all samples associated with an unacceptable 
method blank is required when reportable concentrations are determined in the 
samples (see exception noted above). 

• If there is no analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such 
action must be taken in consultation with the client and must be addressed in 
the project narrative. 

• If the above criteria are not met and reanalysis is not possible, then the sample 
data must be qualified. This anomaly must be addressed in the project 
narrative and the client must be notified. 

• For dissolved metals samples which have not been digested, a CCB result is 
reported as the method blank. The CCB run immediately prior to the start of the 
dissolved sample analyses must be used for this purpose. No more than 20 
samples can be associated with one CCB. 

9.3. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each 
preparation batch. The LCS must contain all analytes of interest and must be carried 
through the entire analytical procedure. Aqueous LCS spike levels are provided in 
Table III (Appendix A). The LCS is used to monitor the accuracy of the analytical 
process. On-going monitoring of the LCS results provides evidence that the 
laboratory is performing the method within acceptable accuracy and precision 
guidelines. 
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• If any analyte is outside established control limits the system is out of control and 

corrective action must occur. Unless in-house control limits are established, a 
control limit of 80 - 120% recovery must be applied. 

• In the event that an MS/MSD analysis is not possible a Laboratory Control 
Sample Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD 
must be compared to the matrix spike RPD limits. 

• In the instance where the LCS recovery is greater than 120% and the sample 
results are < RL, the data may be reported with qualifiers. Such action must be 
taken in consultation with the client and must be addressed in the report 
narrative. 

• Corrective action will be repreparation and reanalysis of the batch unless the 
client agrees that other corrective action is acceptable. 

• For dissolved metals samples which have not been digested, a CCV result is 
reported as the LCS. The CCV run immediately prior to the start of the dissolved 
sample analyses must be used for this purpose. No more than 20 samples can be 
associated with one CCV. ^ ^ ^ 

9.4. Mattix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be ^ 8 r 
processed for each preparation batch. A matrix spike (MS) is a field sample to which 
known concenfrations of target analytes have been added. A matrix spike duplicate 
(MSD) is a second aliquot of the same sample (spiked identically as the MS) prepared 
and analyzed along with the sample and matrix spike. Some client specific data 
quality objectives (DQO's) may require the use of sample duplicates in place of or in 
addition to MS/MSDs. The MS/MSD results are used to determine the effect of a 
matrix on the precision and accuracy of the analytical process. Due to the potential 
variability of tiie matrix of each sample, these results may have immediate bearing 
only on the specific sample spiked. Samples identified as field blanks cannot be used 
for MS/MSD analysis. Spiking levels are provided in Tables III and VI (Appendix 
A). 

• If any analyte recovery or RPD falls outside the acceptance range, the recovery of 
that analyte must be in control for the LCS. For both methods 200.7 and 601 OB, 
control limits of 75-125% recovery and 20% RPD or historical acceptance 
criteria must be applied to the MS/MSD. If the LCS recovery is within limits, 
then the laboratory operation is in control and the results may be accepted. If the 
recovery of the LCS is outside limits cortective action must be taken. Corrective 
action will include repreparation and reanalysis of the batch. MS/MSD results 
which fall outside the control limits must be addressed in the narrative. 

If the native analyte concentration in the MS/MSD exceeds 4x the spike level for 
that analyte, the recovery data are reported as NC, MSB (i.e., not calculated). If 

% 
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the reporting software does not have the ability to report NC, MSB then the actual 
recovery must be reported and narrated as follows: "Results outside of limits do 
not necessarily reflect poor method performance in the matrix due to high analyte 
concentrations in the sample relative to the spike level." Two other narrative 
notes for metals analyses: Matrix spike/spike duplicate spike recovery/recoveries 
was/were outside the acceptance limits of some analytes. The acceptable LCS 
analysis data indicated that the analytical system was operating within control and 
this condition is most likely due to matrix interference. See the Matrix Spike 
Report for the affected analytes which will be flagged with N. Matrix spike/spike 
duplicate relative percent difference (RPD) exceeded the acceptance limits for 
some analytes. The imprecision may be attributed to sample heterogeneity. See 
the Matrix Spike Report for the affected analytes, which will be flagged with *. 

• If an MS/MSD is not possible due to limited sample volume then a laboratory 
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS and 
LCSD must be compared to the matrix spike RPD limits. 

• For dissolved metals samples which have not been digested, a MS/MSD must be 
performed per batch of up to 20 samples by spiking two aliquots of the sample at 
the levels specified in Table III (Appendix A). 

9.5. Dilution test - A dilution test is performed to determine whether significant physical 
or chemical interferences exist due to the sample matrix. One sample per preparation 
batch must be processed as a dilution test. The test is performed by running a sample 
at a 5x (1:4) dilution. Samples identified as field blanks cannot be used for dilution 
tests. The results of the diluted sample, after correction for dilution, should agree 
within 10% of the original sample determination when the original sample 
concentration is greater than 50x the IDL. If the results are not within 10%, the 
possibility of chemical or physical interference exists. 

9.6. Initial Calibration Verification (ICV/ICB) - Calibration accuracy is verified by 
analyzing a second source standard (ICV). For analyses conducted under Method 
200.7, the ICV result must fall v^thin 5% of the true value for that solution with 
relative standard deviation <3% from replicate (minimum of two) exposures. For 
Method 601 OB, tiie ICV must fall within 10% of tiie true value for that solution with 
relative standard deviation <5% from replicate (minimum of two) exposures. An ICB 
is analyzed immediately following the ICV to monitor low level accuracy and system 
cleanliness. The ICB result must fall within +/- the RL from zero. If either the ICV 
or ICB fail to meet criteria, the analysis should be terminated, the problem corrected, 
the instrument recalibrated and the calibration reverified. (See Section 11.10 or 11.13 
for required run sequence). 

9.7. Continuing Calibration Verification (CCV/CCB) - Calibration accuracy is monitored 
throughout the analytical run through the analysis of a knowoi standard after every 10 
samples. The CCV is be a mid-range standard made from a dilution of the 
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calibration standard. The CCV for both methods must fall within 10% of the true 
value for that solution with relative standard deviation <5% from replicate (minimum 
of two) exposures. A CCB is analyzed immediately following each CCV. (See 
Section 11.10 or 11.13 for required run sequence.) The CCB result must fall within 
+/- RL from zero. If the blank is less than 1/10 the concentration of the action level of 
interest, and no sample is within 10% of the action limit, reanalysis and recalibration 
are not required before continuation of the run. Sample results may only be reported 
when bracketed by valid CCV/CCB pairs. If a mid-run CCV or CCB fails, tiie 
analysis for the affected element must be terminated, the problem corrected, the 
instrument recalibrated, the calibration verified and the affected samples reanalyzed. 
(Refer to Section 11.13 for an illustration of the appropriate rerun sequence). 

9.8. Interference Check Analysis (ICSA/ICSAB) - The validity of the interelement 
correction factors is demonstrated through the successful analysis of interference 
check solutions. The ICSA contains only interfering elements, the ICSAB contains 
analytes and interferents. Refer to Table V (Appendix A) for the details of ICSA and 
ICSAB composition. Custom STL North Canton multielement ICS solutions must be 
used. All analytes should be spiked into the ICSAB solution, therefore, if a non-
routine analyte is required then it should be manually spiked into the ICSAB using a 
certified ultra high purity single element solution or custom lab-specific mix. If the 
ICP will display overcorrection as a negative number then the non-routine elements 
can be controlled from the ICSA as described in section 9.8.3. Elements known to be 
interferents on a required analyte must be included in the ICP run when that analyte is 
determined. Aluminum, iron, calcium and magnesium must always be included in all 
ICP runs. 

9.8.1. The ICSA and ICSAB solutions must be run at the beginm'ng of the run. (See 
Section 11.10 or 11.13 for required run sequence.) 

9.8.2. The ICSAB results for tiie interferents must fall witiiin 80 - 120% of tiie true 
value. If any ICSAB interferent result fails criteria, the analysis should be 
terminated, the problem corrected, the instrument recalibrated and the samples 
rerun. 

9.8.3. ICSA results for the non-interfering elements with reporting limits < 10 ug/L 
must fall within the STL North Canton guidelines of ± 2x RL from zero. ICSA 
results for the non-interfering elements with RLs> 10 )ag/L must fall within 
the STL North Canton guidelines of ± Ix RL from zero. If the ICSA results 
for the non-interfering elements do not fall within +/- 2x RL (RL <10) or ± 
IxRL (RL>10) from zero the field sample data must be evaluated as follows: 

• If the non-interfering element concentration in the ICSA is the result of 
contamination versus a spectral interference, and this reason is 
documented, the field sample data can be accepted. 

% -
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• If the affected element was not required then the sample data can be 
accepted. 

• If the interfering elements are not present in the field sample at a 
concentration which would result in a false positive or negative result 
greater than +/- 2x RL from zero then the field sample data can be 
accepted. 

• If the interfering element is present in the field sample at a level which 
would result in a false analyte signal greater than ± 2x RL from zero, the 
data can be accepted only if the concentration of the affected analyte in the 
field sample is more than 1 Ox the analyte signal in the ICSA. 

• Ifthedatadoesnot meet the above conditions then the lECs must be re
evaluated and corrected if necessary and the affected samples reanalyzed 
or the sample results manually corrected through application of the new 
lEC to the raw results. If the results are recalculated manually the 
calculations must be clearly documented on the raw data. 

9.9. CRI - To verify linearity near the RL for ICP analysis, a CRI standard is run at the 
beginning of each sample analysis run. Additionally, some projects may require CRI 
analysis at the end of the run. (See Section 11.10 or 11.13 for required run sequence.) 
Evaluate associated samples based upon advisory limits of+/- 50% of true value. 

Note: The custom STL North Canton CRI mix contains most analytes at a level near 
the standard lab reporting limit. 

9.10. Method of Standard Addition (MSA) -This technique involves adding known 
amounts of standard to one or more aliquots of the processed sample solution. This 
technique compensates for a sample interferent that may enhance or depress the 
analyte signal, thus producing a different slope from that of the calibration standards. 
It will not correct for additive interferences which cause a baseline shift. Refer to 
Section 11.17 for additional information on when MSA is required as well as 
Appendix D for specific MSA requirements. 

9.11. Quality Assurance/Project Summaries - Certain clients may require project- or 
program-specific QC which may supersede this SOP requirements. Quality 
Assurance Summaries (QASs) or equivalent documents providing project-specific 
requirements should be developed so that project staff clearly understand the special 
project requirements. 



INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SOP No. CORP-MT-OOOINC 
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE Revision No. 3.3 
ELEMENT ANALYSIS, METHOD 601 OB AND METHOD 200.7 Revision Date: 12/05/01 

Page 16 of 56 

10. CALIBRATION AND STANDARDIZATION 

10.1. Set up the instrument with the operating parameters recommended by the 
manufacturer. Allow the instrument to become thermally stable before beginning 
calibration (approximately 30 minutes of warm-up is required). 

10.2. Profile and calibrate the instrument according to the instrument manufacturer's 
recommended procedures. Flush the system with the calibration blank between each 
standard or as the manufacturer recommends. The calibration curve must consist of a 
minimum of a blank and a standard. Refer to the facility-specific instrument SOP or 
ICP instrument manual for a detailed set up and operation protocols. 

10.3. Calibration must be performed daily and each time the instrument is set up. 
Instrument runs may be continued over periods exceeding 24 hours EIS long as all 
calibration verification (CCV) and interference check QC criteria are met. The 
instrument standardization date and time must be included in the raw data. 

10.4. Refer to Section 9.0 for calibration verification procedures, acceptance criteria and 
corresponding corrective actions. 

11. PROCEDURE 

11.1. For 200.7 analyses, dissolved (preserved) samples must be digested unless it can be 
documented that the sample meets all of the following criteria: 

A. Visibly transparent with a turbidity measurement of 1 NTU or less. 

B. Is of one liquid phase and free of particulate or suspended matter following 
acidification. 

C. Is NOT being analyzed for silver. 

11.2. A minimum of two exposures for each standard, field sample and QC sample is 
required. The average of the exposures is reported. For Trace ICP analyses, the 
results of the sum channel must be used for reporting. 

11.3. Prior to calibration and between each sample/standard the system is rinsed with the 
calibration blank solution. The minimum rinse time between analytical samples is 60 
seconds unless following the protocol outiined in 9.1.6 it can be demonstrated that a 
shorter rinse time may be used. Triton-X can be added to the rinse solution to 
facilitate the rinse process. 

11.4. The use of an autosampler for all runs is strongly recommended. 

11.5. The use of automated QC checks through the instrument software is highly 
recommended for all calibration verification samples (ICV,CCV), blanks 

% 
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(ICB,CCB,PB), interference checks (ICSA,ICSAB) and field samples (linear range) to 
improve the data review process. 

11.6. To facilitate the early identification of QC failures and samples requiring rerun it is 
strongly recommended that sample data be reviewed periodically throughout the run. 

11.7. To facilitate the data review and reporting processes it is strongly recommended that 
all necessary dilutions be performed before closing out the instrument run. 

11.8. The use of an internal standard is recommended on the conventional, non-Trace ICPs 
as an alternative to using the method of standard additions. This technique is usefiil 
in overcoming matrix interferences especially in high solids matrices. However, for 
conventional ICP techniques, internal standards may not be necessary provided that 
one of the following is performed to minimize physical interferences: (1) peristaltic 
pump is used, (2) high solids nebulizer is used, or (3) high solids samples are diluted 
and reanalyzed. 

11.9. The use of an internal standard is required on the Trace ICP unless the calibration 
and QC standards are matrix matched to each digestion procedure used as follows: 

Preparation Method 

CLP Aqueous 

CLP Soil 

SW846 3050 

SW846 3005 

SW846 3010 

% HNO3 

1 

5 

10 

2 

6 

%HC1 

5 

2.5 

10 

5 

5 1 

• 

The following procedural guidelines must be followed when using an internal 
standard: 

11.9.1. Typically used internal standards are: yttrium or scandium. (Note: Any 
element can be used that is not typically found in environmental samples at a 
high rate of occurrence.) 

11.9.2. The internal standard (IS) must be added to every sample and standard at the 
same concentration. It is recommended that the IS be added to each 
analytical sample automatically through use of a third pump channel and 
mixing coil. Internal standards should be added to blanks, samples and 
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standards in a like manner, so that dilution effects resulting from the 
addition may be disregarded. 

11.9.3. The concentration of the internal standard should be sufficientiy high to 
obtain good precision in the measurement of the IS analyte used for data 
correction and to minimize the possibility of correction errors if the IS 
analyte is naturally present in the sample. 

11.9.4. Tbe internal standard raw intensity counts must be printed on the raw data. 

11.9.5. The analyst must monitor the response of the internal standard throughout 
the sample analysis run. This information is used to detect potential 
problems and identify possible background contributions from the sample 
(i.e., natural occurrence of IS analyte). The instrument automatically 
adjusts sample results based on comparison of the internal standard intensity 
in the sample to the internal standard intensity at calibration. 

11.9.5.1. If the internal standard counts fall within ±30% of the counts 
observed in the ICB then the data is acceptable. ^ 

11.9.5.2. If the internal standard counts in the field samples are more than ^ I F 
±30% higher than the expected level, the field samples must then be: 

(1) Diluted and reanalyzed; 

(2) The IS concentrations must be raised; or 

(3) A different internal standard must be used. 

11.10. The following analytical sequence must be used for Methods 601 OB and 200.7: 

Instrument Calibration 
ICV 
ICB 
CRI 
ICSA 
ICSAB 
7 samples 
CCV 
CCB 
10 samples 
CCV ^ 
CCB ^ f 
Repeat sequence of up to 10 samples between CCV/CCB pairs as required to 
complete run 
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CRI (The CRI counts as a sample analysis.) 
CCV 
CCB 

Refer to Quality Control Section 9.0 and Table VII (Appendix A) for Method 601 OB 
and 200.7 quality control criteria. 

11.11. Additional quality control analyses are necessary for analysis under the Contract 
Laboratory Program (CLP). If these are included then CLP, 6010 and 200.7 samples 
can be included in the same sequence. Refer to CORP-MT-0002NC for details. 

11.12. Full method required QC must be available for each wavelength used in determining 
reported analyte results. 

11.13. The following run sequence provides an illustration of a mid-run CCV or CCB 
failure and the appropriate corrective action run sequence as described in Section 9.7: 

Original Run: Instrument Calibration 

ICV 

ICB 

CRI 

ICSA 

ICSAB 

7 samples 

CCVl 

CCBl 

10 samples 

CCV2 

CCB2 

10 samples ** 

CCV3 * * Failure occurs at CCV3/CCB3 

CCB3 * **Samples requiring rerun for affected analytes 
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Reanalysis: 

10 samples * * 

CCV4 

CCB4 

10 samples 

CCV5 

CCB5 

Recalibrate 

ICV 

ICB 

CRI 

ICSA 

ICSAB 

CCV2 

CCB2 

10 samples 

CCV3 

CCB3 

10 samples 

CCV4 

CCB4 

% 

Notes: 

Samples between CCV4 and CCV5 do not require reanalysis as they were 
bracketed by compliant QC samples. 
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See CORP-MT-0002NC for the appropriate reanalysis sequence if CLP 
requirements must also be met. 

11.14 The instrument may be reprofiled between CCV/CCB pairs to correct for 
environment induced drift. 

11.15 Guidelines are provided in the appendices on procedures to minimize contamination 
of samples and standards, preventive maintenance and troubleshooting. 

11.16 All measurements must fall within the defined linear range where spectral 
interference correction factors are valid. Dilute and reanalyze all samples for 
required analytes that exceed the linear range or use an alternate wavelength for 
which QC data are established. If an interelement correction exists for an analyte 
which exceeds the linear range, the EEC may be inaccurately applied. Therefore, even 
if an overrange analyte may not be required to be reported for a sample, if that analj^e 
is a interferent for any requested analyte in that sample, the sample must be diluted. 
Acid strength must be maintained in the dilution of samples. 

11.17 For TCLP samples, full four-point MSA will be required if all of the following 
conditions are met: 

1) recovery of the analyte in the matrix spike is not at least 50%, 

2) the concentration of the analyte does not exceed the regulatory level, and, 

3) the concentration of the analyte is within 20% of the regulatory level. 

The reporting and regulatory limits for TCLP analyses as well as matrix spike levels 
are detailed in Table VI (Appendix A). Appendix E provides guidance on performing 
MSA analyses. 

11.18 Any variation in procedure shall be completely documented using instrument run 
logs, maintenance logs, report narratives, a Nonconformance Memo, or an anomaly 
report and is approved by a Supervisor/Group Leader and QA Manager. If 
contracmally required, the client shall be notified by the Project Manager. 

11.19 Nonconformance documentation shall be filed in the project file. 

11.20 Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

12 DATA ANALYSIS AND CALCULATIONS 

12.1 ICV percent recoveries are calculated according to the equation: 
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K True{ICV) J 

12.2CCV percent recoveries are calculated according to the equation: 

\ True{CCV) J 

12.3Matrix Spike Recoveries are calculated according to the following equation: 

i SA J 

Where: 
SSR = Spike Sample Resuh 
SR = Sample Result 
SA = Spike Added 

12.4The relative percent difference (RPD) of matiix spike/matrix spike duplicates are 
calculated according to the following equations: % 

RPD = ]00 
\MSD-MS\ 

( M S D + M S 
) 

Where: 
MS = determined spiked sample concentration 
MSD = determined matrix spike duplicate concentration 

12.5The final concentiation for a digested aqueous sample is calculated as follows: 

C x P ' l x D 
mg/ L = 

V2 

Where: 
C = Concentiation (mg/L) from instrument readout 
D = Instrument dilution factor 
VI = Final volume in liters after sample preparation 
V2 = Initial volume of sample digested in liters % 
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12.6The final concentration determined in digested solid samples when reported on a dry 
weight basis is calculated as follows: 

mg I Kg,dry weight 
C x V x D 

W x S 

Where: 
C = Concentration (mg/L) from instrument readout 
D = Instrument dilution factor 
V = Final volume in liters after sample preparation 
W = Weight in Kg of wet sample digested 
S = Percent solids/100 

Note: A Percent Solids determination must be performed on a separate aliquot when 
dry weight concentrations are to be reported. If the results are to be reported on 
wet weight basis the "S" factor should be omitted from the above equation. 

12.7The LCS percent recovery is calculated according to the following equation: 

I True(LCS) 

12.8The dilution test percent difference for each component is calculated as follows: 

\ I - S \ 
Vo Difference = x 100 

Where: 
I = Sample result (Instrument reading) 
S = Dilution test result (Instrument reading x 5) 

12.9Appropriate factors must be applied to sample values if dilutions are performed. 

12.10 Sample results should be reported with up to three significant figures in accordance 
with the STL North Canton significant figure policy. 

13 METHOD PERFORMANCE 

4r 

13.1 Each laboratory must have initial demonstration of performance data on file for each 
analyte of interest as described in Section 9.0. 

13.2Refer to Tables L lA & n in Appendix A for the list of Method 601 OB and 200.7 
analytes as well as additional analytes that may be analyzed using this SOP. 
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13.3Method performance is determined by the analysis of MS and MSD samples as well as 
method blanks and laboratory control samples. The MS or MSD recovery should fall 
within -t-/- 25 % and the MS/MSD should compare witiiin 20% RPD or within tiie 
laboratory's historical acceptance limits. These criteria apply to analyte 
concentrations greater than or equal to 1 OxIDL. Method blanks must meet the criteria 
specified in Section 9.2. The laboratory control samples should recover within 20% 
of the true value or within the laboratory's historical acceptance limits. 

13.4Training Qualification: 

The group/team leader or the supervisor has the responsibility to ensure that this 
procedure is performed by an associate who has been properly trained in its use and 
has the required experience. 

14 POLLUTION PREVENTION 

14.1This method does not contain any specific modifications that serve to minimize or 
prevent pollution. 

15 WASTE MANAGEMENT 

15.1 Waste generated in the procedure must be segregated and disposed of according to the 
facility hazardous waste procedures and per the local, state, and federal regulations. 
The Environmental Health and Safety Director should be contacted, if additional 
information is required. 

15.2Standards should be purchased and prepared in volumes consistent with laboratory use to 
minimize the volume of expired standards to be disposed. 

16 REFERENCES 

16.140 CFR Part 136, Appendix B, 7-5-95, Determination of Method Detection Limits. 

16.2Test Methods for Evaluating Solid Waste, Physical/Chemical Metiiods, SW-846, 3rd 
Edition, Final Update HI, Revision 2, December 1996. Metiiod 601 OB. 

16.3Determination of Metals and Trace Elements in Water and Wastes by Inductively 
Coupled Plasma-Atomic Emission Spectrometry, Revision 4.4, May 1994. Method 
200.7. 

16.4CORP-MT-0002NC, Inductively Coupled Plasma-Atomic Emission Spectroscopy, 
Metiiod 200.7 & CLP-M, SOW ILMO3.0 and ILMO4.0). 
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16.5QA-003, STL North Canton QC Program. 

16.6QA-004, Rounding and Significant Figures. 

16.7QA-005, Method Detection Limits. 

17 MISCELLANEOUS (TABLES, APPENDICES, ETC) 

17.1 Modifications/Interpretations from reference method 

17.1.1 Modifications/interpretations from both Methods 601 OB and 200.7. 

17.1.1.1 STL North Canton laboratories use mixed calibration standard 
solutions purchased from approved vendors instead of using 
individual mixes prepared in house as recommended by the subject 
methods. 

17.1.1.2 Methods 200.7 and 601 OB state that if the correction routine is 
operating properly, the determined apparent analyte(s) concentration 
from analysis of each interference solution should fall within a 
specific concentration range around the calibration blank. In 
determining lECs, because of lack of definition clarification for 
"concentration range around the calibration blank," STL North 
Canton has adopted the procedure in EPA CLP ILMO4.0. 
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17.1.1.3 Section 8.5 of Method 601 OB and Section 9.5 of Method 200.7 
recommend that whenever a new or unusual matrix is encountered, a 
series of tests be performed prior to reporting concentration data for 
that analyte. The dilution test helps determine if a chemical or 

• physical interference exists. Because STL North Canton laboratories 
receive no prior information from clients regarding when to expect a 
new or unusual matrix, STL North Canton may select to perform a 
dilution test on one sample in each prep batch. According to the 
method, the post digestion spike (PDS) determines any potential 
matrix interferences. At STL North Canton LABS, matrix 
interference is determined by evaluating data for the LCS and 
MS/MSD. STL North Canton REQUIRES documented, clear 
guidance when a new or unusual matrix will be received for a project 
and a request to perform the dilution test or PDS on a client-
identified sample. 

17.1.2 Modifications from Method 200.7. 

17.1.2.1 Method 200.7 defines the IDL as the concentration equivalent to a 
signal, due to the analyte, which is equal to three times the standard ^ ^ b ^ 
deviation of a series often replicate measurements of the calibration ^ J y 
blank signal at the same wavelength. STL North Canton labs utilize 
the CLP IDL definition as defined in Section 9.1.1 of this SOP. 

17.1.2.2 The calibration blank is prepared in an acid matrix of 5% HN03/5% 
HCl instead of the specified 2% HNO3/10% HCl matrix as tiie 
former matrix provides for improved performance relative to the 
wide variety of digestate acid matrices which result from the various 
EPA preparation protocols applied. 

17.1.2.3 Metiiod section 9.3.4 specifies tiiat "Analysis of the IPC (ICSA/AB) 
solution immediately following calibration must verify that the 
instrument is within ± 5% of calibration with a relative standard 
deviation <3% from replicate integrations > 4." STL North Canton 
uses a minimum of two exposures. 

% 
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17.1.2.4 Section 7.12 of 200.7 indicates that the QCS (ICV) should be 
prepared at a concentration near 1 ppm. The ICV specified in this 
SOP accommodates the I ppm criteria for the majority of analytes. 
For the remaining analytes, this SOP specifies ICV concentrations 
which are appropriate to the range of calibration. The intent of the 
ICV, verification of calibration standard accuracy, is independent of 
the ICV concentration used. 

17.1.2.5 The ICS criteria applied by this SOP differ from those stated in the 
method. Method 200.7 section 10.4 states that results should fall 
within the established contiol limits of 3 times the standard deviation 
of the calibration blank for that analyte. The control limits listed in 
this SOP are those applicable to the EPA designed solution. 

17.1.2.6 Method 200.7 section 9.3.4 states the CCB should be less tiian tiie 
IDL, but > the lower 3-sigma control limit of the calibration blank. 
The intent of this requirement is to ensure that the calibration is not 
drifting at the low end. STL North Canton has adopted an absolute 
control limit of+/- RL from zero for calibration blank criteria. SOP 
section 9.7 provides the detailed corrective action criteria that must 
be followed. 

17.1.3 Modifications from Method 601 OB. 

17.1.3.1 Chapter 1 of SW-846 states that the method blank should not contain 
any analyte of interest at or above the MDL. This SOP states that the 
method blank must not contain any analyte of interest at or above the 
reporting limit. Common lab contaminants are allowed up to two 
times the reporting limit in the blank following consultation with the 
client. 

17.1.3.2 Metiiod 6010B section 8.6.1.3 states that tiie results of the calibration 
blank are to agree within 3x the IDL. If not, repeat the analysis two 
or more times and average the results. If the average is not within 
three standard deviations of the background mean, terminate the 
analysis, correct the problem, recalibrate, and reanalyze the previous 
10 samples. The intent of this requirement is to ensure that the 
calibration is not drifting at the low end. STL North Canton has 
adopted an absolute control limit of+/- RL from zero for calibration 
blank criteria. See SOP Section 9.7 for a detailed description of the 
required corrective action procedures. 

17.2Modifications from previous SOP 
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Refer to revision 2 of this SOP. 

17.3Facility-Specific SOPs 

Each facility shall review and revise as appropriate this SOP to reflect any facility-
specific requirements. If no facility-specific amendments are required, the SOP can 
be adopted as is. 

17.4Documentation and Record Management 

The following documentation comprises a complete ICP raw data package: 

• Raw data (direct instrument printout). 

• Relevant sample preparation benchsheets. 

• Run log printout from instrument software where this option is available (TJA) or 
manually generated run log (i.e.. Ward WSL printout). 

• Data review checklist - See Appendix B. ^ 

• Standards documentation (including prep and expiration dates, source, and lot #). ^9Er 

• Nonconformance/anomaly documentation (if applicable). 

% 
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1. SCOPE AND APPLICATION 

1.1. This procedure describes the analysis of trace elements including metals in solution 
by Inductively Coupled Plasma -Atomic Emission Spectroscopy (ICP-AES) using 
SW-846 Method 601 OB and EPA Metiiod 200.7 . Table I of Appendix A lists the 
elements appropriate for analysis by Methods 601 OB and 200.7. Additional elements 
may be analyzed under Methods 601 OB and 200.7 provided that the method 
performance criteria presented in Section 13.0 are met. 

1.2. ICP analysis provides for the determination of metal concentrations over several 
orders of magnitude. Detection limits, sensitivity and optimum concentration ranges 
of the metals will vary with the matrices and instrumentation used. For instance, in 
comparison to conventional ICP technique, ICP-Trace can achieve detection levels 
comparable to those determined using the graphite furnace atomic absorption 
spectroscopy (GFAAS) technique. 

1.3. Method 601 OB is applicable to the determination of dissolved, suspended, total 
recoverable and total elements in ground water, aqueous samples, soils, sludges, 
wastes, sediments, and TCLP, EP and other leachates/extracts. All matrices require 
digestion prior to analysis with the exception of analyses for dissolved metals in 
filtered and acidified aqueous samples. Although digestion is not specifically 
required by the method, some clients and regulators may require digestion of 
dissolved samples and this must be clarified and documented before project 
initiation. Silver concentrations must be below 2.0 mg/L in aqueous samples and 100 
mg/kg in solid matrix samples. Precipitation may occur in samples where silver 
concentrations exceed these levels and lead to the generation of erroneous data. 

1.4. Method 200.7 is applicable to the determination of dissolved, suspended, total 
recoverable, and total elements in water, waste water, and solid wastes. All matrices 
require digestion prior to analysis with the exception of analyses for dissolved metals 
in filtered and acidified aqueous samples if the criteria in Section 11.1 are met. Silver 
concentrations must be below 0.1 mg/L in aqueous samples and 50 mg/kg in solid 
matrix samples. 

1.5. State-specific requirements may take precedence over this SOP for drinking water 
sample analyses. 

1.6. The applicable LIMS method codes are QO (601 OB), QM (601 OB Trace), AS (200.7), 
JI (200.7 Trace). 

^P 
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2. SUMMARY OF METHOD 

2.1. This method describes a technique for the determination of multi elements in solution 
using sequential or simultaneous optical systems and axial or radial viewing of the 
plasma. The basis of the method is the measurement of atomic emission by an optical 
spectroscopic technique. Samples are nebulized and the aerosol that is produced is 
transported to the plasma torch where excitation occurs. Characteristic atomic-line 
emission spectra are produced by a radio frequency inductively coupled plasma (ICP). 
The spectra are dispersed by a grating spectrometer and the intensities of the emission 
lines are monitored by photomultiplier tubes. The photocurrents from the 
photomultiplier tubes are processed and controlled by a computer system. A 
background correction technique is required to compensate for variable background 
contiibution to the determination of trace elements. Background must be meeisured 
adjacent to analyte lines during analysis. The position selected for the background 
intensity measurement, on either or both sides of the analytical line, will be 
determined by the complexity of the spectrum adjacent to the analyte line. The 
position used must be free of spectral interferences and reflect the same change in 
background intensity as occurs at the analyte wavelength measured. Background 
correction is not required in cases of line broadening where a background correction 
measurement would actually degrade the analytical result. The possibility of 
additional interferences should also be recognized and appropriate actions taken. 
Alternatively, multivariate calibration methods may be chosen for which point 
selection for background correction is superfluous since whole spectral regions are 
processed. 

2.2. Refer to the appropriate SOPs for details on sample preparation methods. 

3. DEFINITIONS 

3.1. Dissolved Metals: Those elements which pass through a 0.45 um membrane. 
(Sample is acidified after filtration). 

3.2. Suspended Metals: Those elements which are retained by a 0.45 um membrane. 

3.3. Total Metals: The concentration determined on an unfiltered sample following 
vigorous digestion. 

3.4. Total Recoverable Metals: The concentration determined on an unfiltered sample 
following treatment with hot, dilute mineral acid. 

% 
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4. INTERFERENCES 

4.1. Spectral, physical and chemical interference effects may contribute to inaccuracies in 
the determinations of trace elements by ICP. Spectral interferences are caused by: 

• Overlap of a spectral line from another element. 

• Unresolved overlap of molecular band spectra. 

• Background contribution from continuous or recombination phenomena. 

• Stray light from the line emission of high concentration elements. 

4.1.1. A background correction technique is required to compensate for variable 
background contribution to the determination of trace elements. Background 
correction is not required in cases where a background corrective 
measurement would actually degrade the analytical result. 

4.1.2. Inter-element correction factors (lECs) are necessary to compensate for 
spectral overlap. Inter-element interferences occur when elements in the 
sample emit radiation at wavelengths so close to that of the analyte that they 
contribute significant intensity to the analyte channel. If such conditions exist, 
the intensity contributed by the matrix elements will cause an excessively high 
(or sometimes low) concentration to be reported for the analyte. Inter-element 
corrections lECs must be applied to the analyte to remove the effects of these 
unwanted emissions. 

0 
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4.1.3. Physical interferences are generally considered to be effects associated with 
sample transport, nebulization and conversion within the plasma. These 
interferences may result in differences between instrument responses for the 
sample and the calibration standards. Physical interferences may occur in the 
transfer of solution to the nebulizer (e.g., viscosity effects), at the point of 
aerosol formation and transport to the plasma (e.g., surface tension) or during 
excitation and ionization processes within the plasma itself. Changes in 
viscosity and surface tension can cause sigm'ficant inaccuracies, especially in 
samples containing high dissolved solids or high acid concentrations. If 
physical interferences are present, dilution of the sample, use of a peristaltic 
pump, mass flow controller, use of an internal standard and/or use of a high 
solids nebulizer can reduce the effect. 

4.1.4. Chemical interferences are characterized by molecular compound formation, 
ionization effects and solute vaporization effects. Normally these effects are 
not significant with the ICP technique but if observed can be minimized by 
buffering the sample, matrix matching or standard addition procedures. 

% 

SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all 
STL North Canton associates. 

5.2. Eye protection that satisfies ANSI Z87.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and appropriate gloves must be worn while samples, standards, 
solvents, and reagents are being handled. Disposable gloves that have been 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have 
not been fiilly defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS) maintained in the laboratory. 

5.3.1. The following materials are known to be corrosive: 

sulfuric acid, hydrochloric acid, nitiic acid and hydrofluoric acid. (NOTE: 
sulfuric and hydrofluoric acids are used in cleaning the ICP torch and 
hydrofluoric acid is also commonly used in air toxics preparations.) 

5.3.2. The following materials are known to be oxidizing agents: 

nitric acid and hydrogen peroxide. 

% 

% 
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5.3.3. The plasma emits strong UV light and is harmful to vision. NOTE: AVOID 
looking directly at the plasma. 

5.3.4. The RF generator produces strong radio frequency waves, most of which are 
unshielded. People with pacemakers should not go near the instrument while 
in operation. 

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, 
therefore, unless they are known to be non-hazardous, all samples should be opened, 
transferred and prepared in a fume hood, or under other means of mechanical 
ventilation. Metals digestates can be processed outside of a fiime hood. Solvent and 
waste containers will be kept closed unless transfers are being made. 

5.5. All work must be stopped in the event of a known or potential compromise to the 
health and safety of a STL North Canton associate. The situation must be reported 
immediately to a laboratory supervisor. 

5.6. The use of hydrofluoric acid requires special safety precautions. Consult the facility 
EH&S Manager and laboratory supervisor for guidance. 

6. EQUIPMENT AND SUPPLIES 

6.1. Inductively Coupled Plasma Atomic Emission Spectrometer equipped with 
autosampler and background correction. 

6.2. Radio Frequency Generator. 

6.3. Argon gas supply, welding grade or equivalent. 

6.4. Coolflow or appropriate water cooling device. 

6.5. Peristaltic Pump. 

6.6. Calibrated automatic pipettes or Class A glass volumetric pipettes. 

6.7. Class A volumetric flasks. 

6.8. Autosampler tubes. 

7. REAGENTS AND STANDARDS 

7.1. Intermediate standards are purchased as custom STL North Canton muhi-element 
mixes or as single-element solutions. All standards must be stored in FEP 
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fluorocarbon or unused polyethylene or polypropylene bottles. Intermediate standard 
solutions must be replaced prior to the expiration date provided by the manufacturer. 
If no expiration date is provided, the intermediate solutions may be used for up to one 
year and must be replaced sooner if verification from an independent source indicates 
a problem. Expiration dates can be extended provided that the acceptance criteria 
described in laboratory-specific SOPs are met. 

7.2. Working calibration and calibration verification solutions may be used for up to 3 
months and must be replaced sooner if verification from an independent source 
indicates a problem. Standards should be prepared in a matrix of 5% hydrochloric 
and 5% nitric acids. An exception to this is in the event the Trace ICP is utilized 
without the internal standard. In this case, the standard acid matrix must be matched 
to the final preparation matrix as listed in Section 11.9. 

7.3. Refer to Tables HI, IV, FVA, V and VI (Appendix A) for details regarding the working 
standard concentrations for calibration, calibration verification, interference 
correction and spiking solutions. 

7.4. Concentrated nitric acid (HNO3), trace metal grade or better. 

7.5. Concentrated hydrochloric acid (HCl), trace metal grade or better. ^ V 

7.6. Reagent water must be produced by a Millipore DI system or equivalent. Reagent 
water must be free of the analytes of interest as demonstrated through the analysis of 
method blanks. 

8. SAMPLE COLLECTl ON, PRESERVATION AND STORAGE 

8.1. Sample holding times for metals are six months from time of collection to the time of 
analysis. 

8.2. Aqueous samples are preserved with nitric acid to a pH of <2 and may be stored in 
either plastic or glass. If boron or silica are to be determined, plastic containers are 
preferred. Refrigeration is not required. Preservation must be verified prior to 
analysis. 

8.3. Soil samples do not require preservation but must be stored at 4''C ± 2° until the time 
of preparation. 

9. QUALITY CONTROL 

Table VII (Appendix A) provides a summary of quality contiol requirements including type, 
frequency, acceptance criteria and corrective action. 

9.1. Initial Demonstration of Capability 
• 
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Prior to analysis of any analyte using either Method 200.7 or Method 601 OB, the 
following requirements must be met. 

Instrument Detection Limit (IDL) - The IDL for each analyte must be determined for 
each analyte wavelength used least each instrument. The IDL must be determined 
annually. If the instrument is adjusted in anyway that may affect the IDL, the IDL for 
that instrument must be redetermined. The IDL shall be determined by multiplying by 
3, the standard deviation obtained from the analysis of a standard solution (each 
analyte in reagent water) at a concentration 3x - 5x the previously determined IDL, 
with seven consecutive measurements. Each measurement must be performed as 
though it were a separate analytical sample (i.e., each measurement must be followed 
by a rinse and/or any other procedure performed between the analysis of separate 
samples). The result of the IDL determination must be below the STL North Canton 
reporting limit. The CLP IDL procedure can be used for this method. 

9.1.1. Method Detection Limit (MDL) - An MDL must be determined for each 
analyte prior to the analysis of any client samples. Refer to STL North Canton 
SOP NC-QA-0021 for details on MDL analysis and criteria. 

9.1.2. Linear Range Verification (LR) - The linear range must be determined on at 
least an aimual basis for each analyte wavelength used on each instrument 
The linear range is the concentration above which results cannot be reported 
without dilution of the sample. The standards used to verify the linear range 
limit must be analyzed during a routine analytical run and must read within 
5% of the expected value. 

For the initial determination of the upper limit of the linear dynamic range 
(LDR) for each wavelength, determine the signal responses from a minimum 
of three to five different concentration standards across the estimated range. 
One standard should be near the upper limit of the estimated range. The 
concentration measured at the LDR must be no more than 10% less than the 
expected level extrapolated from lower standards. If the instrument is 
adjusted in any way that may affect the LRs, new dynamic ranges must be 
determined. The LR data must be documented and kept on file. 

9.1.3. Background Correction Points - To determine the appropriate location for off
line background correction when establishing methods, the user must scan the 
area on either side adjacent to the wavelength and record the apparent 
emission intensity from all other method analytes. This spectral information 
must be documented and kept on file. The location selected for background 
correction must be either free of off-line interelement spectral interference or a 
computer routine must be used for automatic correction on all determinations. 
Tests to determine spectral interference must be done using analyte 
concentrations that will adequately describe the interference. Background 
correction points must be set prior to determining lECs. Refer to the facility-
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specific instrument operation SOP and ICP instrument manual for specific 
procedures to be used in setting background correction points. 

9.1.4. Inter-element Corrections (lECs) - ICP interelement correction factors must be 
determined prior to the analysis of samples and every six months thereafter. 
If the instrument is adjusted in any way that may affect the lECs, the lECs 
must be redetermined. When initially determining lECs for an instrument, 
wavelength scans must be performed to ensure that solutions in use are free 
from contaminants. If an lEC varies significantly from the previously 
determined lEC then the possibility of contamination should be investigated. 
The purity of the lEC check solution can be verified by using a standard from 
a second source or an alternate method (i.e., GFAA or ICP-MS). Published 
wavelength tables ( e.g. MIT tables, Inductively Coupled Plasma-Atomic 
Spectroscopy: Prominent Lines) can also be consulted to evaluate the validity 
of the lECs. Refer to the facility specific instrument operation SOP and 
instinment manufacturer's recommendations for specific procedures to be 
used in setting lECs. An lEC must be established to compensate for any 
interelement interference which results in a false analyte signal greater than ± 
the RL as defined in Tables I, lA or 11. To determine lECs, run a single 
element standard at the established linear range. To calculate an EEC, divide 
the observed concentration of the analyte by the actual concentiation of the 
"interfering element." 

Note: Trace ICP lECs are more sensitive to small changes in the plasma and 
instrument setup conditions. Adjustments in the lECs will be required 
on a more frequent basis for the Trace as reflected by the ICSA 
response. Additional spectral interference is present from easily 
ionizable elements such as potassium and sodium in axial viewing 
instruments. 

9.1.5. Rinse Time Determination - Rinse times must be determined upon initial set
up of an ICP instrument. To determine the appropriate rinse time for a 
particular ICP system, the linear range verification standard (see 9.1.3) should 
be aspirated as a regular sample followed by the analysis of a series of rinse 
blanks. The length of time required to reduce the analyte signals to < RL will 
define the rinse time for a particular ICP system. For some analytes it may be 
impractical to set the rinse time based on the linear range standard result (i.e., 
analyte not typically detected in environmental samples at that level and an 
excessive rinse time would be required at the linear range level). Until the 
required rinse time is established, the method recommends a rinse period of at 
least 60 seconds between samples and standards. If a memory effect is 
suspected, the sample must be reanalyzed after a rinse period of sufficient 
length. Rinse time studies can be conducted at additional concentration levels. 
These additional studies must be documented and kept on file, if a 
concentration other than the linear range level is used to set the rinse time. The 
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concentration levels used to establish the rinse time must be taken into 
consideration when reviewing the data. 

9.2. Method Blank (MB) - One method blank must be processed with each preparation 
batch. The method blank consists of reagent water containing all reagents specific to 
the method that is carried through the entire analytical procedure, including 
preparation and analysis. The method blank is used to identify any system and 
process interferences or contamination of the analytical system that may lead to the 
reporting of elevated analyte concentrations or false positive data. The method blank 
should not contain any analyte of interest at or above the reporting limit (exception: 
common laboratory contaminants, see below) or at or above 5% of the measured 
concentration of that analyte in associated samples, whichever is higher (sample result 
must be a minimum of 20x higher than the blank contamination level). 

• If the analyte is a common laboratory contaminant (copper, iron, lead (Trace only) 
or zinc) the data may be reported with qualifiers if the concentration of the analyte 
in the method blank is less than two times the RL. Such action must be taken in 
consultation with the client and must be addressed in the project narrative. 

• Repreparation and reanalysis of all samples associated with an unacceptable 
method blank is required when reportable concentrations are determined in the 
samples (see exception noted above). 

• If there is no analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such 
action must be taken in consultation with the client and must be addressed in 
the project narrative. 

• If the above criteria are not met and reanalysis is not possible, then the sample 
data must be qualified. This anomaly must be addressed in the project 
narrative and the client must be notified. 

• For dissolved metals samples which have not been digested, a CCB result is 
reported as the method blank. The CCB run immediately prior to the start of the 
dissolved sample analyses must be used for this purpose. No more than 20 
samples can be associated with one CCB. 

9.3. Laboratory Contiol Sample (LCS) - One aqueous LCS must be processed with each 
preparation batch. The LCS must contain all analytes of interest and must be carried 
through the entire analytical procedure. Aqueous LCS spike levels are provided in 
Table III (Appendix A). The LCS is used to monitor the accuracy of the analytical 
process. On-going monitoring of the LCS results provides evidence that the 
laboratory is performing the method within acceptable accuracy and precision 
guidelines. 
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• If any analyte is outside established control limits the system is out of control and 
corrective action must occur. Unless in-house control limits are established, a 
control limit of 80 - 120% recovery must be applied. 

• In the event that an MS/MSD analysis is not possible a Laboratory Control 
Sample Duplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD 
must be compared to the matrix spike RPD limits. 

• In the instance where the LCS recovery is greater than 120% and the sample 
results are < RL, the data may be reported with qualifiers. Such action must be 
taken in consultation with the client and must be addressed in the report 
narrative. 

• Corrective action will be repreparation and reanalysis of the batch unless the 
client agrees that other corrective action is acceptable. 

• For dissolved metals samples which have not been digested, a CCV result is 
reported as the LCS. The CCV run immediately prior to the start of the dissolved 
sample analyses must be used for this purpose. No more than 20 samples can be 
associated with one CCV. ^ ^ ^ 

9.4. Matrix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be ^ B r 
processed for each preparation batch. A matrix spike (MS) is a field sample to which 
known concenfrations of target analytes have been added. A matrix spike duplicate 
(MSD) is a second aliquot of the same sample (spiked identically as the MS) prepared 
and analyzed along with the sample and matrix spike. Some client specific data 
quality objectives (DQO's) may require the use of sample duplicates in place of or in 
addition to MS/MSDs. The MS/MSD results are used to determine the effect of a 
matrix on the precision and accuracy of the analytical process. Due to the potential 
variability of the matrix of each sample, these results may have immediate bearing 
only on the specific sample spiked. Samples identified as field blanks caimot be used 
for MS/MSD analysis. Spiking levels are provided in Tables III and VI (Appendix 
A). 

• If any analyte recovery or RPD falls outside the acceptance range, the recovery of 
that analyte must be in control for the LCS. For both methods 200.7 and 601 OB, 
control limits of 75-125% recovery and 20% RPD or historical acceptance 
criteria must be applied to the MS/MSD. If the LCS recovery is within limits, 
then the laboratory operation is in confrol and the results may be accepted. If the 
recovery of the LCS is outside limits corrective action must be taken. Corrective 
action will include repreparation and reanalysis of the batch. MS/MSD results 
which fall outside the contiol limits must be addressed in the narrative. 

• If the native analyte concentration in the MS/MSD exceeds 4x the spike level for 
that analyte, the recovery data are reported as NC, MSB (i.e., not calculated). If 
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the reporting software does not have the ability to report NC, MSB then the actual 
recovery must be reported and narrated as follows: "Results outside of limits do 
not necessarily reflect poor method performance in the matrix due to high analyte 
concentrations in the sample relative to the spike level." Two other narrative 
notes for metals analyses: Matrix spike/spike duplicate spike recovery/recoveries 
was/were outside the acceptance limits of some analytes. The acceptable LCS 
analysis data indicated that the analytical system was operating within control and 
this condition is most likely due to matrix interference. See the Matrix Spike 
Report for the affected analytes which will be flagged with N. Matrix spike/spike 
duplicate relative percent difference (RPD) exceeded the acceptance limits for 
some analytes. The imprecision may be attributed to sample heterogeneity. See 
the Matrix Spike Report for the affected analytes, which will be flagged with *. 

• If an MS/MSD is not possible due to limited sample volume then a laboratory 
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS and 
LCSD must be compared to the matrix spike RPD limits. 

• For dissolved metals samples which have not been digested, a MS/MSD must be 
performed per batch of up to 20 samples by spiking two aliquots of the sample at 
the levels specified in Table III (Appendix A). 

9.5. Dilution test - A dilution test is performed to determine whether significant physical 
or chemical interferences exist due to the sample matrix. One sample per preparation 
batch must be processed as a dilution test. The test is performed by running a sample 
at a 5x (1:4) dilution. Samples identified as field blanks carmot be used for dilution 
tests. The results of the diluted sample, after correction for dilution, should agree 
within 10% of the original sample determination when the original sample 
concentration is greater than 50x the IDL. If the results are not within 10%, the 
possibility of chemical or physical interference exists. 

9.6. Initial Calibration Verification (ICV/ICB) - Calibration accuracy is verified by 
analyzing a second source standard (ICV). For analyses conducted under Method 
200.7, the ICV result must fall within 5% of the true value for that soluti"on with 
relative standard deviation <3% from replicate (minimum of two) exposures. For 
Method 601 OB, the ICV must fall within 10% of tiie true value for tiiat solution with 
relative standard deviation <5% from replicate (minimum of two) exposures. An ICB 
is analyzed immediately following the ICV to monitor low level accuracy and system 
cleanliness. The ICB result must fall within +/- the RL from zero. If either the ICV 
or ICB fail to meet criteria, the analysis should be terminated, the problem corrected, 
the instrument recalibrated and the calibration reverified. (See Section 11.10 or 11.13 
for required run sequence). 

9.7. Continuing Calibration Verification (CCV/CCB) - Calibration accuracy is monitored 
throughout the analytical run through the analysis of a known standard after every 10 
samples. The CCV is be a mid-range standard made from a dilution of the 
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calibration standard. The CCV for both methods must fall within 10% of the true 
value for that solution with relative standard deviation <5% from replicate (minimum 
of two) exposures. A CCB is analyzed immediately following each CCV. (See 
Section 11.10 or 11.13 for required run sequence.) The CCB result must fall within 
-t-/- RL from zero. If the blank is less than 1/10 the concentration of the action level of 
interest, and no sample is within 10% of the action limit, reanalysis and recalibration 
are not required before continuation of the mn. Sample results may only be reported 
when bracketed by valid CCV/CCB pairs. If a mid-run CCV or CCB fails, tiie 
analysis for the affected element must be terminated, the problem corrected, the 
instrument recalibrated, the calibration verified and the affected samples reanalyzed. 
(Refer to Section 11.13 for an illustration of the appropriate rerun sequence). 

9.8. Interference Check Analysis (ICSATICSAB) - The validity of the interelement 
correction factors is demonstrated through the successful analysis of interference 
check solutions. The ICSA contains only interfering elements, the ICSAB contains 
analytes and interferents. Refer to Table V (Appendix A) for the details of ICSA and 
ICSAB composition. Custom STL North Canton multielement ICS solutions must be 
used. All analytes should be spiked into the ICSAB solution, therefore, if anon-
routine analyte is required then it should be manually spiked into the ICSAB using a 
certified ultra high purity single element solution or custom lab-specific mix. If the 
ICP will display overcorrection as a negative number then the non-routine elements 
can be controlled from the ICSA as described in section 9.8.3. Elements known to be 
interferents on a required analyte must be included in the ICP run when that analyte is 
determined. Aluminum, iron, calcium and magnesium must always be included in all 
ICP runs. 

9.8.1. The ICSA and ICSAB solutions must be run at the beginning of the run. (See 
Section 11.10 or 11.13 for required run sequence.) 

9.8.2. The ICSAB results for tiie interferents must fall wititin 80 - 120% of tiie true 
value. If any ICSAB interferent result fails criteria, the analysis should be 
terminated, the problem corrected, the instrument recalibrated and the samples 
rerun. 

9.8.3. ICSA results for the non-interfering elements with reporting limits < 10 ug/L 
must fall within the STL North Canton guidelines of ± 2x RL from zero. ICSA 
results for the non-interfering elements with RLs> 10 ^g/L must fall within 
the STL North Canton guidelines of ± Ix RL from zero. If the ICSA results 
for the non-interfering elements do not fall within +/- 2x RL (RL <10) or ± 
IxRL (RL>10) from zero the field sample data must be evaluated as follows: 

• If the non-interfering element concentration in the ICSA is the result of 
contamination versus a spectral interference, and this reason is 
documented, the field sample data can be accepted. 

% 

% 

% 
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• If the affected element was not required then the sample data can be 
accepted. 

• If the interfering elements are not present in the field sample at a 
concentration which would result in a false positive or negative result 
greater than +/- 2x RL from zero then the field sample data can be 
accepted. 

• If the interfering element is present in the field sample at a level which 
would result in a false analyte signal greater than ± 2x RL from zero, the 
data can be accepted only if the concentration of the affected analyte in the 
field sample is more than 1 Ox the analyte signal in the ICSA. 

• If the data does not meet the above conditions then the lECs must be re
evaluated and corrected if necessary and the affected samples reanalyzed 
or the sample results manually corrected through application of the new 
lEC to the raw results. If the results are recalculated manually the 
calculations must be clearly documented on the raw data. 

9.9. CRI - To verify linearity near the RL for ICP analysis, a CRI standard is run at the 
beginning of each sample analysis run. Additionally, some projects may require CRI 
analysis at the end of the run. (See Section 11.10 or 11.13 for required run sequence.) 
Evaluate associated samples based upon advisory limits of+/- 50% of true value. 

Note: The custom STL North Canton CRI mix contains most analytes at a level near 
the standard lab reporting limit. 

9.10. Method of Standard Addition (MSA) -This technique involves adding known 
amounts of standard to one or more aliquots of the processed sample solution. This 
technique compensates for a sample interferent that may enhance or depress the 
analyte signal, thus producing a different slope from that of the calibration standards. 
It will not correct for additive interferences which cause a baseline shift. Refer to 
Section 11.17 for additional information on when MSA is required as well as 
Appendix D for specific MSA requirements. 

9.11. Quality Assurance/Project Summaries - Certain clients may require project- or 
program-specific QC which may supersede this SOP requirements. Quality 
Assurance Summaries (QASs) or equivalent documents providing project-specific 
requirements should be developed so that project staff clearly understand the special 
project requirements. 
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10. CALIBRATION AND STANDARDIZATION 

10.1. Set up the instrument with the operating parameters recommended by the 
manufacturer. Allow the instrument to become thermally stable before beginning 
calibration (approximately 30 minutes of warm-up is required). 

10.2. Profile and calibrate the instrument according to the instrument manufacturer's 
recommended procedures. Flush the system with the calibration blank between each 
standard or as the manufacturer recommends. The calibration curve must consist of a 
minimum of a blank and a standard. Refer to the facility-specific instrument SOP or 
ICP instrument manual for a detailed set up and operation protocols. 

10.3. Calibration must be performed daily and each time the instrument is set up. 
Instrument runs may be continued over periods exceeding 24 hours as long as all 
calibration verification (CCV) and interference check QC criteria are met. The 
instrument standardization date and time must be included in the raw data. 

10.4. Refer to Section 9.0 for calibration verification procedures, acceptance criteria and 
corresponding corrective actions. 

11. PROCEDURE 

11.1. For 200.7 analyses, dissolved (preserved) samples must be digested unless it can be 
documented that the sample meets all of the following criteria: 

A. Visibly transparent with a turbidity measurement of 1 NTU or less. 

B. Is of one liquid phase and free of particulate or suspended matter following 
acidification. 

C. Is NOT being analyzed for silver. 

11.2. A minimum of two exposures for each standard, field sample and QC sample is 
required. The average of the exposures is reported. For Trace ICP analyses, the 
results of the sum channel must be used for reporting. 

11.3. Prior to calibration and between each sample/standard the system is rinsed with the 
calibration blank solution. The minimum rinse time between analytical samples is 60 
seconds unless following the protocol outiined in 9.1.6 it can be demonsfrated that a 
shorter rinse time may be used. Triton-X can be added to the rinse solution to 
facilitate the rinse process. 

11.4. The use of an autosampler for all runs is sfrongly recommended. 

11.5. The use of automated QC checks through the instrument software is highly 
recommended for all calibration verification samples (ICV,CCV), blanks 

• 

• 
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(ICB,CCB,PB), interference checks (ICSA,1CSAB) and field samples (linear range) to 
improve the data review process. 

11.6. To facilitate the early identification of QC failures and samples requiring rerun it is 
strongly recommended that sample data be reviewed periodically throughout the run. 

11.7. To facilitate the data review and reporting processes it is strongly recommended that 
all necessary dilutions be performed before closing out the instrument run. 

11.8. The use of an internal standard is recommended on the conventional, non-Trace ICPs 
as an alternative to using the method of standard additions. This technique is usefiil 
in overcoming matrix interferences especially in high solids matrices. However, for 
conventional ICP techniques, internal standards may not be necessary provided that 
one of the following is performed to minimize physical interferences: (1) peristaltic 
pump is used, (2) high solids nebulizer is used, or (3) high solids samples are diluted 
and reanalyzed. 

11.9. The use of an internal standard is required on the Trace ICP unless the calibration 
and QC standards are matrix matched to each digestion procedure used as follows: 

Preparation Method 

CLP Aqueous 

CLP Soil 

SW846 3050 

SW846 3005 

SW846 3010 

% HNO3 

1 

5 

10 

2 

6 

% HCl 

5 

2.5 

10 

5 

5 

QP 

The following procedural guidelines must be followed when using an internal 
standard: 

11.9.1. Typically used internal standards are: yttrium or scandium. (Note: Any 
element can be used that is not typically found in environmental samples at a 
high rate of occurrence.) 

11.9.2. The internal standard (IS) must be added to every sample and standard at the 
same concentration. It is recommended that the IS be added to each 
analytical sample automatically through use of a third pump charmel and 
mixing coil. Internal standards should be added to blanks, samples and 
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standards in a like manner, so that dilution effects resulting from the 
addition may be disregarded. 

11.9.3. The concentiation of the internal standard should be sufficientiy high to 
obtain good precision in the measurement of the IS analyte used for data 
correction and to minimize the possibility of correction errors if the IS 
analyte is naturally present in the sample. 

11.9.4. The internal standard raw intensity counts must be printed on the raw data. 

11.9.5. The analyst must monitor the response of the internal standard throughout 
the sample analysis run. This information is used to detect potential 
problems and identify possible background contributions from the sample 
(i.e., natural occurrence of IS analyte). The instrument automatically 
adjusts sample results based on comparison of the internal standard intensity 
in the sample to the internal standard intensity at calibration. 

11.9.5.1. If the internal standard counts fall within ±30% of the coimts 
observed in the ICB then the data is acceptable. 

11.9.5.2. If the internal standard counts in the field samples are more than 
±30% higher than the expected level, the field samples must then be: 

(1) Diluted and reanalyzed; 

(2) The IS concentrations must be raised; or 

(3) A different internal standard must be used. 

11.10. The following analytical sequence must be used for Methods 601 OB and 200.7: 

Instrument Calibration 
ICV 
ICB 
CRI 
ICSA 
ICSAB 
7 samples 
CCV 
CCB 
10 samples 
CCV ^ ^ 
CCB ^ y 
Repeat sequence of up to 10 samples between CCV/CCB pairs as required to 
complete run 
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CRI (The CR] counts as a sample analysis.) 
CCV 
CCB 

Refer to Quality Control Section 9.0 and Table VII (Appendix A) for Method 601 OB 
and 200.7 quality control criteria. 

11.11. Additional quality control analyses are necessary for analysis under the Contract 
Laboratory Program (CLP). If these are included then CLP, 6010 and 200.7 samples 
can be included in the same sequence. Refer to CORP-MT-0002NC for details. 

11.12. Full method required QC must be available for each wavelength used in determining 
reported analyte results. 

11.13. The following run sequence provides an illustration of a mid-run CCV or CCB 
failure and the appropriate corrective action run sequence as described in Section 9.7: 

Original Run: Instrument Calibration 

ICV 

ICB 

CRI 

ICSA 

ICSAB 

7 samples 

CCVl 

CCBl 

10 samples 

CCV2 

CCB2 

10 samples ** 

CCV3 * * Failure occurs at CCV3/CCB3 

CCB3 * ** Samples requiring rerun for affected analytes 
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Reanalysis: 

10 samples ** 

CCV4 

CCB4 

10 samples 

CCV5 

CCB5 

Recalibrate 

lev 

ICB 

CRI 

ICSA 

ICSAB 

CCV2 

CCB2 

10 samples 

CCV3 

CCB3 

10 samples 

CCV4 

CCB4 

Notes: 

Samples between CCV4 and CCV5 do not require reanalysis as they were 
bracketed by compliant QC samples. 

% 



0 

INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SOP No. CORP-MT-OOOINC 
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE Revision No. 3.3 
ELEMENT ANALYSIS, METHOD 601 OB AND METHOD 200.7 Revision Date: 12/05/01 

Page 21 of 56 

See CORP-MT-0002NC for the appropriate reanalysis sequence if CLP 
requirements must also be met. 

11.14 The instrument may be reprofiled between CCV/CCB pairs to correct for 
environment induced drift. 

11.15 Guidelines are provided in the appendices on procedures to minimize contamination 
of samples and standards, preventive maintenance and troubleshooting. 

11.16 All measurements must fall within the defined linear range where spectral 
interference correction factors are valid. Dilute and reanalyze all samples for 
required analytes that exceed the linear range or use an alternate wavelength for 
which QC data are established. If an interelement correction exists for an analyte 
which exceeds the linear range, the lEC may be inaccurately applied. Therefore, even 
if an overrange analyte may not be required to be reported for a sample, if that analyte 
is a interferent for any requested analyte in that sample, the sample must be diluted. 
Acid strength must be maintained in the dilution of samples. 

11.17 For TCLP samples, full four-point MSA will be required if all of the following 
conditions are met: 

1) recovery of the analyte in the matrix spike is not at least 50%, 

2) the concentration of the analyte does not exceed the regulatory level, and, 

3) the concentration of the analyte is within 20% of the regulatory level. 

The reporting and regulatory limits for TCLP analyses as well as matrix spike levels 
are detailed in Table VI (Appendix A). Appendix E provides guidance on performing 
MSA analyses. 

11.18 Any variation in procedure shall be completely documented using instrument run 
logs, maintenance logs, report narratives, a Nonconformance Memo, or an anomaly 
report and is approved by a Supervisor/Group Leader and QA Manager. If 
contractually required, the client shall be notified by the Project Manager. 

11.19 Nonconformance documentation shall be filed in the project file. 

11.20 Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

12 DATA ANALYSIS AND CALCULATIONS 

12.1 ICV percent recoveries are calculated according to the equation: 
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%R=\00 
(FoundilCVJ' 

\ TrueilCV) ) 

12.2CCV percent recoveries are calculated according to the equation: 

I. 7rue(CCK) ) 

12.3Matrix Spike Recoveries are calculated according to the following equation: 

SSR-SR^ 
VoR = 100 

f S S R - S R ^ 

Where: 
SSR = Spike Sample Result 
SR = Sample Result 
SA = Spike Added 

12.4The relative percent difference (RPD) of matiix spike/matrix spike duplicates are 
calculated according to the following equations: 

RPD = -[00 

• 

MSD-MS\ 

f M S D + M S \ 

Where: 
MS = determined spiked sample concentration 
MSD = determined matiix spike duplicate concentration 

12.5The final concentration for a digested aqueous sample is calculated as follows: 

C x V \ x D 
mg/L = 

V2 

Where: 
C = Concenfration (mg/L) from instrument readout 
D = Instrument dilution factor 
VI = Final volume in liters after sample preparation 
V2 = Initial volume of sample digested in liters • 



^r 

INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SOP No. CORP-MT-OOOINC 
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE Revision No. 3.3 
ELEMENT ANALYSIS, METHOD 601 OB AND METHOD 200.7 Revision Date: 12/05/01 

Page 23 of 56 

12.6The final concentration determined in digested solid samples when reported on a dry 
weight basis is calculated as follows: 

C x V X D 
mg I Kg,dry weight = 

Where: 
C = Concentration (mg/L) from instrument readout 
D = Instrument dilution factor 
V = Final volume in liters after sample preparation 
W = Weight in Kg of wet sample digested 
S = Percent solids/100 

Note: A Percent Solids determination must be performed on a separate aliquot when 
dry weight concentrations are to be reported. If the results are to be reported on 
wet weight basis the "S" factor should be omitted from the above equation. 

12.7The LCS percent recovery is calculated according to the following equation: 

\ True(LCS) J 

12.8The dilution test percent difference for each component is calculated as follows: 

7 - 5 
% Difference = ^ ^ x 100 

Where: 
I = Sample result (Instrument reading) 
S = Dilution test result (Instrument reading x 5) 

12.9Appropriate factors must be applied to sample values if dilutions are performed. 

12.10 Sample results should be reported with up to three significant figures in accordance 
with the STL North Canton significant figure policy. 

13 METHOD PERFORMANCE 

13.1 Each laboratory must have initial demonstration of performance data on file for each 
analyte of interest as described in Section 9.0. 

13.2Refer to Tables I, L\ & fl in Appendix A for the list of Method 601 OB and 200.7 
analytes as well as additional analytes that may be analyzed using this SOP. 
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13.3Method performance is determined by the analysis of MS and MSD samples as well as 
method blanks and laboratory control samples. The MS or MSD recovery should fall 
within +/- 25 % and the MS/MSD should compare witiiin 20% RPD or within the 
laboratory's historical acceptance limits. These criteria apply to analyte 
concentrations greater than or equal to 1 OxIDL. Method blanks must meet the criteria 
specified in Section 9.2. The laboratory control samples should recover within 20% 
of the true value or within the laboratory's historical acceptance limits. 

13.4Training Qualification: 

The group/team leader or the supervisor has the responsibility to ensure that this 
procedure is performed by an associate who has been properly trained in its use and 
has the required experience. 

14 POLLUTION PREVENTION 

14.1 This method does not contain any specific modifications that serve to minimize or 
prevent pollution. 

15 WASTE MANAGEMENT 

15.1 Waste generated in the procedure must be segregated and disposed of according to the 
facility hazardous waste procedures and per the local, state, and federal regulations. 
The Environmental Health and Safety Director should be contacted, if additional 
information is required. 

15.2Standards should be purchased and prepared in volumes consistent with laboratory use to 
minimize the volume of expired standards to be disposed. 

16 REFERENCES 

16.140 CFR Part 136, Appendix B, 7-5-95, Determination of Method Detection Limits. 

16.2Test Methods for Evaluating Solid Waste, Physical/Chemical Metiiods, SW-846, 3rd 
Edition, Final Update III, Revision 2, December 1996. Metiiod 601 OB. 

16.3Detennination of Metals and Trace Elements in Water and Wastes by Inductively 
Coupled Plasma-Atomic Emission Spectrometry, Revision 4.4, May 1994. Method 
200.7. 

16.4CORP-MT-0002NC, Inductively Coupled Plasma-Atomic Emission Spectroscopy, 
Metiiod 200.7 & CLP-M, SOW ILMO3.0 and ILMO4.0). 

% 

% 
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16.5QA-003, STL North Canton QC Program. 

16.6QA-004, Rounding and Significant Figures. 

16.7QA-005, Method Detection Limits. 

17 MISCELLANEOUS (TABLES, APPENDICES, ETC.) 

17.1 Modifications/Interpretations from reference method 

17.1.1 Modifications/interpretations from both Methods 601 OB and 200.7. 

17.1.1.1 STL North Canton laboratories use mixed calibration standard 
solutions purchased from approved vendors instead of using 
individual mixes prepared in house as recommended by the subject 
methods. 

17.1.1.2 Methods 200.7 and 6010B state that if the correction routine is 
operating properly, the determined apparent analyte(s) concentration 
from analysis of each interference solution should fall within a 
specific concentration range around the calibration blank. In 
determining lECs, because of lack of definition clarification for 
"concenfration range around the calibration blank," STL North 
Canton has adopted the procedure in EPA CLP ILMO4.0. 

0 



INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SOP No. CORP-MT-OOOINC 
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE Revision No. 3.3 
ELEMENT ANALYSIS, METHOD 6010B AND METHOD 200.7 Revision Date: 12/05/01 

Page 26 of 56 • 
17.1.1.3 Section 8.5 of Method 6010B and Section 9.5 of Method 200.7 

recommend that whenever a new or unusual matrix is encountered, a 
series of tests be performed prior to reporting concentration data for 
that analyte. The dilution test helps determine if a chemical or 

• physical interference exists. Because STL North Canton laboratories 
receive no prior information from clients regarding when to expect a 
new or unusual matrix, STL North Canton may select to perform a 
dilution test on one sample in each prep batch. According to the 
method, the post digestion spike (PDS) determines any potential 
matrix interferences. At STL North Canton LABS, matrix 
interference is determined by evaluating data for the LCS and 
MS/MSD. STL North Canton REQUIRES documented, clear 
guidance when a new or unusual matrix will be received for a project 
and a request to perform the dilution test or PDS on a client-
identified sample. 

17.1.2 Modifications from Method 200.7. 

17.1.2.1 Method 200.7 defines the IDL as the concentration equivalent to a 
signal, due to the analyte, which is equal to three times the standard 
deviation of a series often replicate measurements of the calibration 
blank signal at the same wavelength. STL North Canton labs utilize 
tiie CLP IDL definition as defined in Section 9.1.1 of this SOP. 

17.1.2.2 The calibration blank is prepared in an acid matrix of 5% HN03/5% 
HCl instead of the specified 2% HNO3/10% HCl matrix as tiie 
former matrix provides, for improved performance relative to the 
wide variety of digestate acid matrices which result from the various 
EPA preparation protocols applied. 

17.1.2.3 Metiiod section 9.3.4 specifies that "Analysis of the IPC (ICSA/AB) 
solution immediately following calibration must verify that the 
instrument is within ± 5% of calibration with a relative standard 
deviation <3% from replicate integrations > 4." STL North Canton 
uses a minimum of two exposures. 

% 

% 



^ 

# 

INDUCTFVELY COUPLED PLASMA-ATOMIC EMISSION SOP No. CORP-MT-000 INC 
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE Revision No. 3.3 
ELEMENT ANALYSIS, METHOD 6010B AND METHOD 200.7 Revision Date: 12/05/01 

Page 27 of 56 

17.1.2.4 Section 7.12 of 200.7 indicates tiiat the QCS (ICV) should be 
prepared at a concentration near 1 ppm. The ICV specified in this 
SOP accommodates the 1 ppm criteria for the majority of analytes. 
For the remaining analytes, this SOP specifies ICV concentrations 
which are appropriate to the range of calibration. The intent of the 
ICV, verification of calibration standard accuracy, is independent of 
the ICV concentration used. 

17.1.2.5 The ICS criteria applied by this SOP differ from those stated in the 
method. Method 200.7 section 10.4 states that results should fall 
within the established control limits of 3 times the standard deviation 
of the calibration blank for that analyte. The control limits listed in 
this SOP are those applicable to the EPA designed solution. 

17.1.2.6 Method 200.7 section 9.3.4 states the CCB should be less tiian tiie 
IDL, but > the lower 3-sigma control limit of the calibration blank. 
The intent of this requirement is to ensure that the calibration is not 
drifting at the low end. STL North Canton has adopted an absolute 
control limit of+/- RL from zero for calibration blank criteria. SOP 
section 9.7 provides the detailed corrective action criteria that must 
be followed. 

17.1.3 Modifications from Method 601 OB. 

17.1.3.1 Chapter 1 of SW-846 states that the method blank should not contain 
any analyte of interest at or above the MDL. This SOP states that the 
method blank must not contain any analyte of interest at or above the 
reporting limit. Common lab contaminants are allowed up to two 
times the reporting limit in the blank following consultation with the 
client. 

17.1.3.2 Method 6010B section 8.6.1.3 states that the results of tiie calibration 
blank are to agree within 3x the IDL. If not, repeat the analysis two 
or more times and average the results. If the average is not within 
three standard deviations of the background mean, terminate the 
analysis, correct the problem, recalibrate, and reanalyze the previous 
10 samples. The intent of this requirement is to ensure that the 
calibration is not drifting at the low end. STL North Canton has 
adopted an absolute control limit of+/- RL from zero for calibration 
blank criteria. See SOP Section 9.7 for a detailed description of the 
required corrective action procedures. 

17.2Modifications from previous SOP 
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Refer to revision 2 of this SOP. 

17.3Facility-Specific SOPs 

Each facility shall review and revise as appropriate this SOP to reflect any facility-
specific requirements. If no facility-specific amendments are required, the SOP can 
be adopted as is. 

17.4Documentation and Record Management 

TTie following documentation comprises a complete ICP raw data package: 

• Raw data (direct instrument printout). 

• Relevant sample preparation benchsheets. 

• Run log printout from instrument software where this option is available (TJA) or 
manually generated run log (i.e.. Ward WSL printout). 

• Data review checklist - See Appendix B. ^ 

• Standards documentation (including prep and expiration dates, source, and lot #). 

Nonconformance/anomaly documentation (if applicable). 
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17.5Flow Diagram 

0 

Set up and stabilize 
instrument. 

I 
Profile and 
calibrate 

instrument. 

Verify instrument 
setup with ICV, 

ICB, ICSA, 
ICSAB. 

Run samples. 
Reverify 

calibration every 
10 samples with 

CCV, CCB. 

Perform end run 
QC ( CCV, CCB). 

Calculate results. 

0 

Stop 
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TABLE I. Method 200.7 and 6010B Target Analyte List 

ELEMENT 

Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Boron 

Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

fron 
Lead 

Magnesium 
Manganese 

Molybdenum 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 

1 Symbol 

Al 
Sb 
As 
Ba 
Be 
B 

Cd 
Ca 
Cr 
Co 
Cu 
Fe 
Pb 
Mg 
Mn 

CAS# 

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-42-8 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 

Mo 7439-98-7 
Ni 
K 
Se 
Ag 
Na 
Tl 
V 
Zn 

7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

601 OB 
1 analyte 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

200.7 
analyte 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

1 Reporting Limit 
(ug/L) Water 

200 
60 

300 
200 
5.0 
200 
5.0 

5000 
10 
50 
25 
100 
100 

5000 
15 
40 
40 

5000 
250 
10 

5000 
2000 

50 
20 

1 Reporting Limit 
(mg/kg) Soil 

20 
6 

30 
20 
0.5 
20 
0.5 
500 

1 
5 

2.5 1 
10 
10 1 

500 
1.5 1 
4 1 
4 

500 
25 
1 ' 

500 
200 

5 
2 

0 
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TABLE lA. Method 200.7 and 601 OB Trace ICP Target Analyte List 

ELEMENT 
Arsenic 

Lead 
Selenium 
Thallium 
Antimony 
Cadmium 

Silver 
Chromium 

Symbol 
As 
Pb 
Se 
Tl 
Sb 
Cd 
Ag 
Cr 

CAS# 
7440-38-2 
7439-92-1 
7782-49-2 
7440-28-0 
7440-36-0 
7440-43-9 
7440-22-4 
7440-47-3 

Reporting Limit 
(ug/L) Water 

10 
3.0 
5.0 
10 
10 

2.0 
5.0 
5.0 

Reporting Limit 
(mg/kg) Soil 

1.0 
.0.3 

0.5 
1.0 
1.0 
0.2 
0.5 
0.5 

TABLE II. Non-Routine Analyte List 

ELEMENT 
Tin 

Titanium 

Symbol 
Sn 
Ti 

CAS# 
7440-31-5 
7440-32-6 

Reporting Limit 
(ug/L) Water 

100 
50 

Reporting Limit 
(mg/kg) Soil 

10 
5 

« 

« 
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TABLE III. Matrix Spike and Aqueous Laboratory Control Sample Levels 

ELEMENT 
Aluminum 
Antimony 
Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

Molybdenum 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 
Boron 

Tin 
Titanium 

LCS Level (ug/L) 
2000 
500 

2000 
2000 

50 
50 

50000 
200 
500 
250 
1000 
500 

50000 
500 
1000 
500 

50000 
2000 

50 
50000 
2000 
500 
500 
1000 
2000 
1000 

Matrix Spike Level (ug/L) 
2000 
500 

2000 
2000 

50 
50 

50000 
200 
500 
250 
1000 
500 

50000 
500 
1000 
500 

50000 
2000 

50 
50000 
2000 
500 
500 
1000 
2000 
1000 

0 
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TABLE IV. ICP Calibration and Calibration Verification Standards 

% 

Element 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

Molybdenum 

Nickel 
Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Boron 

Tin 
Titanium 

Calibration Level 

100000 

10000 

10000 

10000 

10000 

10000 

100000 

10000 

10000 

10000 

100000 

10000 

100000 

10000 

10000 

10000 

100000 

10000 

2000 

100000 

20000 

10000 

10000 

10000 

10000 

10000 

RL(ug/L) 

200 
60 
300 
200 
5 
5 

5000 

10 
50 
25 
100 
100 
5000 

15 
40 
40 
5000 

250 
10 

5000 

2000 

50 
20 
200 
100 
50 

ICV (ug/L) 

25000 

1000 

1000 

1000 

1000 

1000 

25000 

1000 

1000 

1000 

25000 

1000 

25000 

1000 

1000 

1000 

25000 

1000 

500 
25000 

5000 

1000 

1000 

1000 

1000 

1000 

CCV (Ug/L) 

50000 

5000 

5000 

5000 

5000 

5000 

50000 

5000 

5000 

5000 

50000 

5000 

50000 

5000 

5000 

5000 

50000 

5000 

1000 

50000 

10000 

5000 

5000 

5000 

5000 

5000 

% 

% 



0 
INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION 
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE 
ELEMENT ANALYSIS, METHOD 601 OB AND METHOD 200.7 
APPENDIX A - TABLES 

SOP No. CORP-MT-OOOINC 
Revision No. 3.2 
Revision Date: 01/19/01 
Page 35 of 56 

TABLE IVA. Trace ICP Calibration and Calibration Verification Standards 

0 

Element 
Aluminum 

1 Antimony 
1 Arsenic 
1 Barium 

Beryllium 
Cadmium 
Calcium 

Chromium 
Cobalt 
Copper 

Iron 
Lead 

Magnesium 
Manganese 

Molybdenum 
Nickel 

Potassium 
Selenium 

Silver 
1 Sodium 

Thallium 
Vanadium 

Zinc 

1 Calibration Level 
50000 
1000 
1000 
4000 
4000 
1000 

100000 
4000 
4000 
4000 
50000 
1000 

100000 
4000 
4000 
4000 

100000 
1000 
2000 

100000 
2000 
4000 
4000 

RL(ug/L) 
200 
10 
10 
10 
5 
2 

5000 
5 

50 
25 
100 
3 

5000 
15 
40 
40 

5000 
5 
5 

5000 
10 
50 
20 

1 ICV (ug/L) 
12500 
250 
250 
1000 
1000 
250 

25000 
1000 
1000 
1000 
12500 
250 

25000 
1000 
1000 
1000 

25000 
250 
500 

25000 
500 
1000 
1000 

CCV (ug/L) 
25000 

500 
500 

2000 
2000 
500 

50000 
2000 
2000 
2000 

25000 
500 1 

50000 
2000 
2000 
2000 
50000 

500 
1000 

50000 
1000 
2000 ' 
2000 

0 



INDUCTFVELY COUPLED PLASMA-ATOMIC EMISSION 
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE 
ELEMENT ANALYSIS, METHOD 601 OB AND METHOD 200.7 
APPENDIX A - TABLES 

SOP No. CORP-MT-OOOINC 
Revision No. 3.2 
Revision Date: 01/19/01 
Page 36 of 56 

% 

TABLE V. Interference Check Sample Concentrations 

Element 
Aluminum 
Antimony 

Arsenic 
Barium 

Beryllium 
Cadmium 
Calcium 

Chromium j 
Cobalt 
Copper 

fron 
Lead , 

Magnesium 
Manganese 

Molybdenum 
Nickel 

Potassium 
Selenium 

Silver 
Sodium 

Thallium 
Vanadium 

Zinc 
Tin 

Boron 
Titanium 

ICSA (ug/L) 
500000 

-

-

-

-

-

500000 
-

-

-

200000 
-

500000 
-

-

-

-

-

-

-

-

-

-

-

ICSAB (ug/L) 
500000 

1000 
1000 
500 
500 
1000 

500000 
500 
500 
500 

200000 
1000 

500000 
500 
1000 
1000 

10000 
1000 
1000 

10000 
10000** 

500 
1000 
1000 
1000 
1000 

% 

* Custom STL North Canton solutions contain analytes common to all STL North Canton facilities. 
Non-routine elements not listed above should be spiked into the ICSAB at 1000 ug/L. 

** Thallium level for Trace ICP should be at 1000 ug/L. 

% 



# 

INDUCTFVELY COUPLED PLASMA-ATOMIC EMISSION 
SPECTROSCOPY, SPECTROMETRIC METHOD FOR TRACE 
ELEMENT ANALYSIS, METHOD 601 OB AND METHOD 200.7 
APPENDIX A - TABLES 

SOP No. CORP-MT-OOOINC 
Revision No. 3.2 
Revision Date: 01/19/01 
Page 37 of 56 

TABLE VI. TCLP Reporting Limits, Regulatory Limits and Matrix Spike Levels 

# 

ELEMENT 
Arsenic 
Barium 

Cadmium 
Chromium 

Lead 
Selenium 

Silver 

Reporting Level 
(ug/L) 

500 
10000 
100 
500 
500 
250 
500 

Regulatory Limit 
(ug/L) 
5000 

100000 
1000 
5000 
5000 
1000 
5000 

Spike Level (ug/L) 
5000 

50000 
1000 
5000 
5000 
1000 
1000 
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TABLE VII. Summary Of Quality Control Requirements 

^^^^S 
Two-point Initial 
Calibration 

ICV 

ICB 

CCV 

CCB 

CRI 

ICSA 

ICSAB 

^^^^g 
Beginning of every 
analytical run, every 
24 hours, whenever 
instrument is 
modified, or CCV 
criterion is not met 
Beginning of every 
analytical run. 

Beginning of every 
analytical run, 
immediately 
following the ICV. 
Every 10 samples 
and at the end of the 
run. 

Immediately 
following each 
CCV. 

Begiiming of every 
run 
Beginning of every 
run 
Immediately 
following each 
ICSA. 

^^^^^^^K^f^ t v ^ J ^ | l ^^^^^JT^ST^^SBCTJ^J 

Method 200.7: 
9 5 - 1 0 5 % recovery. 

RSD dupl. exp < 3% 

Metiiod 601 OB: 
9 0 - 1 1 0 % recovery. 

RSD dupl. exp < 5% 
The result must be 
within +/- RL from 
zero. 

Method 200.7 & 
6010B: 

9 0 - 1 1 0 % recovery. 
RSD dupl. exp < 5% 

The result must be 
within +/- RL from 
zero. 

50-150% recovery 
(advisory) 

See Section 9.8.3 
Results must be within 
80-120% recovery. 

^ ^ ^ ^ H 
Terminate analysis; 
Correct the problem; 
Prepare new standards; 
Recalibrate following 
system performance. 

Terminate analysis; 
Conect the problem; 
Recalibrate. 

Terminate analysis; 
Correct the problem; 
Recalibrate. 

Terminate analysis; 
Correct the problem; 
Recalibrate and rerun 
all samples not 
bracketed by 
acceptable CCV. 
Terminate analysis; 
Conect the problem; 
Recalibrate and rerun 
all samples not 
bracketed by 
acceptable CCB. 
Evaluate associated 
samples. 
See Section 9.8.3 

See Section 9.8.2. 

* See Sections 11.10 and 11.13 for exact run sequence to be followed. 
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TABLE VII. Summary of Quality Control Requirements (Continued) 

Dilution Test One per prep batch. For samples > 50x IDL, 
dilutions must agree within 
10%. 

Method Blank One per sample 
preparation batch of 
up to 20 samples. 

Laboratory Control 
Sample (LCS) 

One per sample 
preparation batch of 
up to 20 samples. 

The result must be less 
than or equal to the RL. 

Common lab contaminants 
may be accepted up to 2x 
the RL after consultation 
with the client (See 
9.2). 

Sample results greater than 
1 Ox the blank 
concenfration are 
acceptable. 

Samples for which the 
contaminant is < RL may 
not require redigestion or 
reanalysis (see Section 
9.2). 

Narrate the possibility 
of physical or 
chemical interference 
per client request. 

Aqueous LCS must be 
within 80 -120% recovery 
or in-house control limits. 

Samples for which the 
contaminant is < RL and 
the LCS results are > 120% 
may not require redigestion 
or reanalysis (see Section 
9.3) 

Redigest and reanalyze 
samples. 

Note exceptions under 
criteria section. 

See Section 9.2 for 
additional 
requirements. 

Terminate analysis; 
Correct the problem; 
Redigest and reanalyze 
all samples associated 
witii tiie LCS. 

0 
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TABLE VII. Summary of Quality Control Requirements (Continued) 

Matrix Spike One per sample 
preparation batch of 
up to 20 samples. 

75 - 125 % recovery or in-
house control limits. For 
TCLP See Section 11.17. 

75-125 % recovery; RPD 
< 20% . 

In the absence of client 
specific requirements, 
flag the data; no flag 
required if the sample 
level is > 4x the spike 
added. For TCLP see 
Section 11.17. 

Matrix Spike 
Duplicate 

See Matrix Spike See Corrective Action 
for Matrix Spike. 

» 

« 
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0 
APPENDIX B 

STL NORTH CANTON ICP DATA REVIEW CHECKLIST 

(EXAMPLE) 
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SCAL STD_ 

STD CRI 

Run/Project Informat ion: 

ICSA STD_ 

l e v STD 

SCAL2 STD 

CLP CRI STD 

ICSAB STD_ 

CCV STD 

(Example) 

STL North Canton ICP Data Review Checklist 

Run Date: Analyst: Instrument: 

Prep Batches Run:_ 

Cu/MnRatio: 

Circle Methods used: 6010B / 200.7: CORP-MT-OOOl Rev 2 CLP ILM03.0: CORP-MT-0002 Rev 1 

6010Ay200.7: CORP-MT-OOOINC, Rev 2 

Review Items 

I . Inslrumtnt talibrattd per manufariurtr's instructions and at SOP specififd levels ? 

2. ICV/CCV analyzed at appropriate frequency and within control l imiu ? (/CK: 6010B, CLP = 90 -
110%.200.7'=9S-105%) (CCy: 90-110%) 

3. ICB/CCB analyzed at appropriate frequency and within +/- RL or +/- CRDL (CLP): 

4. High Std. (HCAL) reanalyzed before samples and recovered within QC limits ? (60IOA/200.7 95-
IOS%.CLP-N/A) 

5. CRl run and recovered within QC limits ? (-t-/- 50% for non-CLP - 6010A only) 

6. ICSA/ICSAB run at required frequency and within SOP limits ? 

1. Were samples with concentrations > the linear range for any parameter diluted and reanalyzed ' 

2. All reported results bracketed by in control QC ? 

3. Sample analyses done within holdinp time ? 

1. LCS done per prep batch and within QC limits ? 

« 2. Method blank done per prep batch and < RL or CRDL (CLP) ? 

3. MS/MSD run at required frequency and within limits ? 
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4. MSD or DU run at required frequency and RPD within SOP limits ' 

S. Serial dilution done per prep batch (or per SDG for CLP) ? 

\ . Kxt all nonconformances documented appropriately ? 

2. Current IDL/LR/lEC data on file ? 

3. Calculations checked for error ? 

4. Transcriptions checked for error ? 

S. All client/project specific requirements met: 

6. Dale/time of analysis verified as correct: 

^ ^ 

Level I Analyst: 

Comments: 

Date: Time: 

Level II Reviewer: Date: Time: 

# 
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APPENDIX C 

CROSS REFERENCE OF TERMS USED IN METHODS 601 OB, 200.7, AND BY STL 
NORTH CANTON 

% 

% 
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CROSS REFERENCE OF TERMS COMMONLY USED IN 
METHODS EPA 200.7, SW6010B, AND STL NORTH CANTON INC. SOP 

Calibration blank (CB) Calibration blank Initial and continuing calibration 
blanks (ICB/CCB) 

Dilution test Dilution test Dilution Test 

Instrument detection limit (IDL) Instrument detection limit (IDL) Instrument detection limit (IDL) 

Instrument performance check 
(IPC) 

Continuing calibration veriflcation 
(CCV) 

Continuing calibration veriflcation 
(CCV) 

Internal standard Internal standard Internal standard (IS) 

^ 

Laboratory duplicates n/a n/a 

Laboratory fortifled blank (LFB) n/a Laboratory control sample (LCS) 

Laboratory fortifled sample matrix 
(LFM) 

Matrix spike and matrix spike 
duplicate (MS/MSD) 

Matrix spike and matrix spike 
duplicate (MS/MSD) 

Laboratory reagent blank (LRB) Method blank Method or Prep blank (MB) 

Linear dynamic range (LDR) Linear dynamic range (LDR) Linear dynamic range (LDR) 

Method detection limit (MDL) Method detection limit (MDL) Method detection limit (MDL) 

Quality control sample (QCS) Check standard or Initial 
calibration veriflcation (ICV) 

Initial calibration veriflcation (ICV) 

Spectral interference check 
solution (SIC) 

Interference check solution (ICS) Interference check solution 
(ICSA/ICSAB) 

0 
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Appendix D. MSA Guidance 

Method of Standard Addition 

Four equal volume aliquots of sample are measured and known amounts of standards are added to 
three aliquots. The fourth aliquot is the unknown and no standard is added to it. The concentration 
of standard added to the first aliquot should be 50% of the expected concentration. The 
concentration of standard added to the second aliquot should be 100% of the expected concentration 
and the concentration of standard added to the third aliquot should be 150% of the expected 
concentration. The volume of the unspiked and spiked standard should be the same. 

In order to determine the concentration of analyte in the sample, the analytical value of each solution 
is determined and a plot or linear regression performed. On the vertical axis the analytical value is 
plotted versus the concentrations of the standards on the horizontal axis. An example plot is shown 
in Figure 1. When the resulting line is extrapolated back to zero absorbance, the point of 
interception of the horizontal axis is the concentration of the unknown. 

w 

Concentration 

Cone, of 
Sample 

Addn 0 Addn 1 Addn 2 Addn 3 
NoAddn Addn of 50% Addn of 100% Addn of 150% 

of Expected of Expected of Expected 
Amount Amount Amount 

For the method of standard additions to be correctly applied, the following limitations must be taken 
into consideration: 

• The plot of the sample and standards must be linear over the concentration range of concern. For 
best results, the slope of the curve should be similar to that of a plot of the aqueous standard 
curve. 

• The effect of the interference should not vary as the ratio of the standard added to the sample 
matrix changes. 
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APPENDIX E. T R O U B L E S H O O T I N G GUIDE 

Problem 

High Blanks 

^P 

0 

Instrument Drift 

Erratic Readings, 
Flickering Torch or 
High RSD 

Possible Cause/ Solution 

Increase rinse time 
Clean or replace tip 
Clean or replace torch 
Clean or replace sample tubing 
Clean or replace nebulizer 
Clean or replace mixing chamber 
Lower Torch 

Cu/Mn Ratio Outside Limits or 
Low Sensitivity 

Standards reading twice normal 
absorbance or concentration 

RF not cooling properly 
Vacuum level is too low 
Replace torch (Crack) 
Clean or replace nebulizer (blockage) 
Check room temperature (changing) 
Replace pump tubing 
Room humidity too high 
Clean torch tip (salt buildup) 
Check for argon leaks 
Adjust sample carrier gas 
Reprofile Horizontal Mirror 
Replace PA tube 
Check for argon leaks 
Adjust sample carrier gas 
Replace tubing (clogged) 
Check drainage(back pressure changing) 
Increase uptake time (too short) 
Increase flush time (too short) 
Clean nebulizer, torch or spray chamber 
Increase sample volume introduced 
Check that autosampler tubes are full 
Sample or dilution of sample not mixed 
Increase integration time (too short) 
Realign torch 
Reduce amount of tubing connectors 
Plasma conditions changed 
Clean nebulizer, torch or spray chamber 
Replace tubing (clogged) 
Realign torch 
Check lECs 
Incorrect standard used 
Incorrect dilution performed 
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APPENDIX F. CONTAMINATION CONTROL GUIDELINES 

The following procedures are strongly recommended to prevent contamination: 

All work areas used to prepare standards and s^Wts should be cleaned before and 
after each use. 

All glassware should be washed with detergent and tap water and rinsed with 1:1 
nitric acid followed by deionized water. 

Proper laboratory housekeeping is essential in the reduction of contamination in the 
metals laboratory. All work areas must be kept scrupulously clean. 

Powdered or Latex Gloves must not be used in the metals laboratory since the powder 
contains silica and zinc as well as other metallic analytes. Only vinyl or nitrile gloves 
should be used in the metals laboratory. 

Glassware should be periodically checked for cracks and etches and discarded if 
found. Etched glassware can cause cross contamination of any metallic analytes. 

Autosampler trays should be covered to reduce the possibility of contamination. 
Trace levels of elements being analyzed in the samples can be easily contaminated by 
dust particles in the laboratory. 

The following are helpful hints in the identification of the source of contaminants: 

Yellow pipet tips and volumetric caps can sometimes contain cadmium. 

Some sample cups have been found to contain lead. 

The markings on glass beakers have been found to contain lead. If acid baths are in 
use for glassware cleaning, they should be periodically checked for contaminants 
since contaminant concentrations will increase over time. 

New glassware especially beakers can be a source of silica and boron. 

Reagents or standards can contain contaminants or be contaminated with the improper 
use of a pipette. 

Improper cleaning of glassware can cause contamination. 

Laiex gloves contain over 500 ppb of zinc. 

0 
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APPENDIX G. PREVENTFVE MAINTENANCE 

A maintenance log is used to record when maintenance is performed on instruments. When an 
instrument problem occurs indicate the date, time and instrument number, then identify the problem 
and corrective action in the maintenance log. 

The following procedures are required to ensure that that the instrument is fully operational. 

0 

Daily 

As Needed 

Weekly 

Change sample pump tubing and pump windings 
Check argon gas supply level 
Check rinse solution and fill if needed 
Check waste containers and empty if needed 
Check sample capillary tubing is clean and in good condition 
Check droplet size to verily nebulizer is not clogged. 
Check sample flow for cross flow nebulizer 
Check Cu/Mn ratio-should be 30% of value at date that lECs were performed 
Check pressure for vacuum systems 

Clean plasma torch assembly to remove accumulated deposits 
Clean nebulizer and drain chamber; keep free-flowing to maintain optimum 
performance 
Replace peristaltic pump tubing, sample capillary mbing and autosampler sipper 
probe 

Apply silicon spray on autosampler tracks 
Check water level in coolflow 

Monthly Clean air filters on back of power unit to remove dust 
Check D mirror for air instruments 

Bi-yearly Change oil for vacuum systems 
Replace coolant water filter (may require more or less fi^equently depending on quality 
of cooling water) 

0 
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ICP Analysis (TJA 61E) 

(Example) 

1. SETUP 

a. Plasma Control Panel (enter) 

b. (Fl)-Startup 

c. (F9)-Continue 

d. (F2)-Levels 

1. Change auxiliary gas to low - use space bar to toggle 

2. Change nebulizer gas flow to 0.5 L/min. 

3. Change pump rate to 130 

4. Esc 

5. Allow instrument to warm up approximately 30 minutes. 

2. DEVELOPMENT 

a. Methods (enter) 

b. Enter method name 

c. (F3)-Method hifo. 

d. Change file name 

e. (F9)-Done 

f. (F9)-Done/Keep 
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18 OPERATION 

a. Analysis (enter) 

b. (F5)-Profile 

1. (F3)-Automatic 

2. (Fl)-Run 

3. If peak position is greater than +/- .05 units from the center peak position, you must 
adjust the profile. If it is within +/- .05 units, press (F9)-done. 

4. To adjust select (Fl)-CalcSS and enter current vernier position, (enter) 

5. Adjust to new vernier position(F9)-done 

6. Rerun profile until peak position is +/- .05 units. 

7. (F9)-Done 

c. Autosampler (F9) 

1. Enter method name (enter) 

2. Enter autosampler table name (enter) 

3.(F1)-Run 

* 
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1. SCOPE AND APPLICATION 
This SOP describes procedures for preparation (extraction and cleanup) of semivolatile 
organic analytes in aqueous, TCLP leachate, and soil matrices for analysis by Gas 
Chromatography (GC) and Gas Chromatography / Mass SpectromeUy (GC/MS). The 
procedures are based on SW-846 and 600 series methodology and are applicable for 
measurements made to comply with the Resource Conservation and Recovery Act (RCRA) 
and for wastewater testing. 

1.1. Extraction procedures for the following determinative methods are covered: 

8081A, 8082, 8141A, 8151B, 8270C, 8310, 8015B, 8100, 608, 610, and 625 

1.2. The extraction procedures here may be appropriate for other determinative methods 
when appropriate spiking mixtures are used. 

1.3. Other extraction procedures (PFE, SPE, accelerated Soxhlet, etc.) may be used but 
are not currently covered in this SOP. 

1.4. The applicable LIMS method codes are: P2 (8141 A), QJ (8081A), QS (8151 A), QL 
(8270C), SG(8310), DM (608), VT(610), DP (625), Al (8100), HS (8015B) 

SUMMARY OF METHOD 

2.1 .Separatory Funnel Extraction 
A measured volume of sample, typically 1 liter, is adjusted, if necessary, to a specified 
pH and serially extracted with methylene chloride using a separatory funnel. 

2.2.Continuous Liquid/Liquid Extraction 
A measured volume of sample, typically 1 liter, is placed into a continuous liquid/liquid 
extractor, adjusted, if necessary, to a specific pH and extracted with methylene chloride 
for 18-24 hours. 

2.3.Sonication Extraction 
A measured weight of sample, typically 30 g, is mixed with anhydrous sodium sulfate to 
form a free flowing powder. This is solvent extracted three times using an ultrasonic 
hom. 

2.4.Soxhlet Extraction 

A 30 g sample is mixed with anhydrous sodium sulfate to form a free flowing powder. 
This is extracted with refluxing solvent. 

2.5.Cleanup and Concentration 

Procedures are presented for removing interferents from sample extracts, and for drying 
and concentration of the extract to final volume for analysis. 
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2.6.Phenoxy acid herbicide extractions 
Procedures for the extraction and cleanup of phenoxy acid herbicides are presented in 
Appendix A. 

DEFINITIONS 
Definitions of terms used in this SOP may be found in the glossary of the STL North Canton 
Laboratory Quality Manual (LQM), current version . 

INTERFERENCES 

4.1. Method interferences may be caused by contaminants in solvents, reagents, glassware, 
and other processing apparatus. All these materials must be routinely demonstrated to be 
free from interferences under conditions of the analysis by running laboratory method 
blanks as described in the Quality Control section. Specific selection of reagents may be 
required to avoid introduction of contaminants. 

4.2. Visual interferences or anomalies (such as foaming, emulsions, odor, etc.) must be 
documented. 

SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all STL 
North Canton associates. The following requirements must be met: 

5.2. Eye protection that satisfies ANSI Z87.1 (as per the Chemical Hygiene Plan), laboratory 
coat and appropriate gloves must be worn while samples, standards, solvents and 
reagents are being handled. Disposable gloves that have become contaminated will be 
removed and discarded, other gloves will be cleaned immediately. Viton gloves may be 
worn when halogenated solvents are used for extractions or sample preparation. Nitrile 
gloves may be used when other solvents are handled. [Note: VITON is readily degraded 
by acetone]. When good manual dexterity is needed, for example, when handling small 
quantities/containers, disposable gloves (such as latex or N-DEX®) shall be used. While 
these gloves protect against splashes, they give little or no protection against contact with 
large quantities of solvent, and no protection against spills or immersion. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have not 
been fully defined. Additional health and safety information can be obtained from the 
MSDS files maintained in the laboratory. The following specific hazards are known: 

Chemicals that have been classified as carcinogens or potential carcinogens 
under OSHA include methylene chloride, PCBs, certain pesticides. 

The following materials are known to be corrosive: Concentrated sulfuric ^ ^ B 
acid, sodium hydroxide, IN nitric acid. ^ ^ 
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Sulfuric acid cleanup must not be performed on any matrix that may have 
water present as a violent reaction between the acid and water may result in 
acid exploding out of the vessel. 

Chemicals known to be flammable are: Diethyl ether, acetone, hexane, 2-
propanol. 
Mercury is a highly toxic compound that must be handled with care. The 
analyst must be aware of the appropriate handling and clean-up techniques 
before handling this material. 

5.4. Exposure to hazardous chemicals must be maintained as low as reasonably achievable, 
therefore, unless they are known to be non-hazardous, all samples should be opened, 
transferred and prepared in a fume hood, or under other means of mechanical ventilation. 
Solvent and waste containers will be kept closed unless transfers are being made. 

# 

5.5. The preparation of standards and reagents and glassware cleaning procedures that involve 
solvents such as methylene chloride will be conducted in a fume hood with the sash 
closed as far as the operations will permit. Use of methylene chloride for glassware 
cleaning should be avoided as far as possible. If more than 500 mL of Methylene chloride 
is spilled, evacuate the area until the area has been cleaned by a Hazardous Material 
Team. 

5.6. All work must be stopped in the event of a known or potential compromise to the health 
and safety of a STL North Canton associate. The situation must be reported 
immediately to a laboratory supervisor. 

EQUIPMENT AND SUPPLIES 

6.1. Glassware should be cleaned with soap and water, rinsed with water and dried in an 
oven at 400°C for at least 2 hours. Alternatively the glassware can be solvent rinsed with 
acetone or methanol followed by methylene chloride after the water rinse. 

6.2. Equipment and supplies for extraction procedures 

# 

EQUIPMENT AND SUPPLIES 
Separatory Funnel: 2 L 
Separatory Funnel Rack 
Balance: >1400 g capacity, accurate ±1 g 
pH indicator paper, wide-range: covers extraction pH 
Graduated cylinder: l liter, (other sizes may be used) 
Erienmeyer Hask or Fleaker: 125 & 300 mL (other sizes optional) 
Centrifuge 
Auto-Shaker 
Methylene Chloride Collection Tank 

Sep fun. 

V 
V 
V 
V 
V 
V 
V 
V 
V 

CLLE 

V 

V 

Soni 

V 

Sox Cone 
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EQUIPMENT AND SUPPLIES 
Solvent Dispenser Pump or 100 mL Graduated Cylinder 
Continuous Liquid/Liquid Extractor 
Round or flat Bottom: 250, 500 mL or 1 L 
Boi l ing C h i p s : Contaminant free, approximately 10/40 mesh 
(Teflon® Plt-H, carbide or equivalent). 

Cooling Condensers 
Heating Mantle: Rheostat controlled 
A u t o - t i m e r for heating mantle 

B e a k e r s : 250 & 400 mL, graduated 

Balance: >100 g capacity, accurate ±0.1 g 
Soxhlet Extractor 
Sonicator (at least 300 watts) 
Sonicator hom, 3/4 inch 
Kudema-Danish (K-D) Apparatus: 500 mL 
Concentrator Tube: 10 mL, attached to K-D with clips 
Supp ly M a n i f o l d : Heated, capable of temperature control (± 5°C) 

up to 95''C. 

MegaLT: 150 ml 
Snyde r C o l u m n : Three-ball macro 

W a t e r Ba th : Heated, with concentric ring cover, capable of 
temperature control (± 5°C) up to 95°C. The bath must be used in a 
hood or with a solvent recovery system. 

Vials : Glass, 2 mL, 4 mL, and 10 mL capacity with Teflon®-lined 
screw-cap 

Nitrogen Slowdown Apparatus 
Ni t rogen : reagent grade. 

Cu l tu re t ubes : 10 mL, 16mmxl00nim 

Syringe: 1 mL 
Phase Separation Paper 
Glass Wool 
Glass Funnel: 75X75 mm 
Disposable Pipets 
Aluminum foil 
Paper Towels 
Wrist Shaker 

Sep fun. 

V 

CLLE 

V 
V 

V 
V 
V 

V 
V 
V 
V 
V 
V 
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V 

V 
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V 
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V 
V 
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V 
V 
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V 

V 
V 
V 

V 
V 
V 
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6.3.Equipment and Supplies for Cleanup Procedures 

EQUIPMENT AND SUPPLIES 
Gel permeation chromatography system (GPC Autoprep Model 
1002A or 1002B Analytical Biochemical Laboratories, Inc. orZymark 
Benchmate or equivalent). 
B i o B e a d s : (S-X3) -200-400 mesh, 70 gm (Bio-Rad Laboratories, 

GPC Florisil Sulfur Acid A/B FC 
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j EQUIPMENT AND SUPPLIES 
1 Richmond, CA, Catalog 152-2750 or equivalent). 

C h r o m a t o g r a p h i c c o l u m n : 700 mm x 25 mm ID glass column. 
Flow is upward. 

Ul t rav io le t de tec to r : Fixed wavelength (254 nm) and a semi-prep 

flow-through cell. 

Strip chart recorder, recording integrator, or laboratory data 
system. 
Syr inge : 10 mL with LuerJok fitting. 

Syringe filter assembly, with disposable 5 um filter discs, Millipore 
No. LSWP 01300 or equivalent. 

C h r o m a t o g r a p h i c c o l u m n : 250 mm long x 10 mm ID; with Pyrex 
glass wool at the bottom and a Teflon stopcock (for silica pel cleanup). 

V a c u u m sys t em for eluting multiple cleanup cartridges. Vac Elute 
Manifold - Analytichem International, J.T. Baker, or Supelco (or 
equivalent). The manifold design must ensure that there is no contact 
between plastics containing phthalates and sample extracts. 
V a c u u m t rap made from a 500 mL sidearm flask fined with a one-
hole stopper and glass tubing. 
Vacuum pressure gauge. 
Rack for holding 10 mL volumetric flasks in the manifold. 

Mechanical shaker or mixer: Vortex Genie or equivalent. 
Separa to ry F u n n e l s with Ground-Glass Stoppers: 250 mL 

Erienmeyer Flasks: 125 mL 

Disposable Pipets 
Culture tubes: 10 mL, 16 mmxlOO mm 

GPC 

V 

V 

V 

V 
V 

V 

Florisil 

V 

Sulfur 

V 

V 
V 

Acid 

V 

V 

A/B 

V 
V 

" F C -

V 
V 

7. REAGENTS AND STAPWARDS 

7.1.Reagents for Extraction Procedures 

All reagents must be ACS reagent grade or better unless otherwise specified. 

# 

REAGENTS 

S o d i u m hydrox ide ( N a O H ) , Pellets: Reagent Grade 

S o d i u m hydrox ide solu t ion , I O N : Dissolve 40 g of NaOH in 

reagent water and dilute to 100 mL. 

Sulfuric acid (H2SO4), Concentrated: Reagent Grade 

Sulfuric acid (1:1) : Carefully add 500 mL of H2SO4 to 500 mL of 

reagent water. Mix well. 

Hydrochloric Acid (HCl) 
Organic free reagent water. 

S o d i u m sulfate (Na2S04) , Granular, Anhydrous: Purify by heating 
at 400°C a minimum of two hours. 

Sep fun. 

V 
V 

V 
V 

V 
V 

CLLE 

V 
V 

V 
V 

V 
V 

Soni 

V 

Sox 

V 

Cone 1 

V 
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R E A G E N T S 

E x t r a c t i o n / E x c h a n g e So lven t s : Methylene chloride, hexane, 
acetonitrile, acetone, pesticide quality or equivalent 

1 A c e t o n e : Used for cleaning 

Sep fun. 

V 

CLLE 

V 

Soni Sox 

V 

Cone 

7.2. Reagents for Cleanup Procedures 

1 REAGENTS 
Flor is i l : 500 mg or 1 g cartridges with stainless steel or Teflon frits 
(calalog 694-313, Analytichem, 24201 Frampton Ave., Harbor City, 
CA, or equivalent.) 

Mercury: triple distilled 
Tetrabutylammonium hydrogen sulfate 
Sodium sulfite 
Tetrabutylammonium (TBA) sulfite reagent: Prepare reagent 
by dissolving 3.39 g of Tetrabutylammonium hydrogen sulfate in 100 
mL organic-free reagent water. Extract this solution 3 times with 20 mL 
portions of hexane. Discard the hexane extracts. Add 25 g sodium 
sulfite to the water solution. 

2-Propanol 
Nitric acid: IN 
C o p p e r powder : remove oxides (if powder is dark) by treating with 
IN ninic acid, rinse with organic-free reagent water to remove all traces 
of acid, rinse with acetone, and dry under a stream of nitrogen. 

Sulfuric ac id . Concentrated 

Sodium hydroxide. Pellets 
S o d i u m h y d r o x i d e , ION: Dissolve 40 g of NaOH in 100 mL of 
reagent water 

Sulfuric acid (H2SO4), Concentrated: Reagent Grade 

Sulfuric ac id (1 :1) : Carefully add 500 mL of H2SO4 to 500 mL of 

reagent water. Mix well. 

Fluorocarbon: PF-5080, 3M 

GPC Florisil 

V 

Sulfur 

V 
V 
V 
V 

V 
V 

Acid 

V 

A/B FC 

V 

V 

V 

V 

• 

7.3. Standards 

7.3.1.Stock Standards 
Stock standards are purchased as certified solutions or prepared from neats. 
Semivolatile stock standards are stored at < 6°C. All stock standards must be 
protected from light. Stock standard solutions must be replaced after one year 
(from the time of preparation, if prepared in house, or from the time the ampoule is 
opened if purchased.) Standards must be allowed to come to room temperature 
before use. 

7.3.2.Surrogate Spiking Standards 

Prepare or purchase surrogate spiking standards at the concentrations listed in 
Table 5. Surrogate spiking standards are purchased or prepared as dilutions of the 

% 
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stock standards. Surrogate spiking solutions must be relrigerated and protected 
from light. The standards must be replaced at least every six months or sooner if 
there is reason to believe that the standard has degraded or concentrated. 

7.3.3.Matrix Spiking and Laboratory Control Spiking Standards. 

The same spiking solution is used for the matrix spike and the Laboratory Control 
Sample. Prepare MS/LCS spiking standards at the concentrations listed in Table 6. 
Spiking standards are purchased or prepared as dilutions of the stock standards. 

Spiking solutions must be refrigerated and protected from light. The standards 
must be replaced at least every six months or sooner if there is reason to believe 
that the standard has degraded or concentrated. 

7.3.4.GPC calibration solution - prepare or purchase a solution in methylene chloride that 
contains the following analytes in the concentrations listed below: 

Analyte 
Com Oil 
Bis (2-ethylhexyl) phthalate 
Methoxvchlor 
Perylene 
Sulfur 

mg/mL 
25.0 
1.0 
0.2 
0.02 
0.08 

t 

NOTE: Sulfur is not very soluble in methylene chloride, however, it is 
soluble in warm com oil. Therefore, one approach is to weigh out the com 
oil, warm it, and transfer the weighed amount of sulfur into the warm com 
oil. Mix it and then transfer into a volumetric flask with methylene 
chloride, along with the other calibration compounds. This standard has a 
lifetime of 6 months. 

SAMPLE COLLECTION PRESERVATION AND STORAGE 

8.1.Samples are not chemically preserved. 

8.2.Samples are stored at 4°C ± 2°C in glass containers with Teflon®-lined caps. 

8.3.Holding Times 

8.3.1 Extraction is initiated within 7 days of the sampling date for aqueous samples, 14 
days for solid and waste samples. 

8.3.2 For TCLP leachaies, extraction is initiated within seven days from when the 
TCLP Leach tumbling has been completed, excluding the filtration step. If the 
filtration step requires extended times, this time counts as part of the seven day 
holding time. 
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8.3.3. Analysis of the extracts is completed within forty days of extraction. 

9. QUALITY CONTROL 

9.1.Quality Control Batch 
The batch is a set of up to 20 samples that are of the same matrix and are processed 
together using the same procedures and reagents. The batch must contain a method 
blank, an LCS and a matrix spike / matrix spike duplicate. (In some cases, at client 
request, it may be appropriate to process a matrix spike and sample duplicate in place of 
the MS / MSD). If clients specify specific samples for MS/MSD, the batch may contain 
multiple MS/MSD. See policy QA-003 for further definition of the batch. 

9.2.Definition of matrix 
The possible matrix types are aqueous, soil, waste and TCLP leachate. 

9.3.Insufficient Sample 
If insufficient sample is available to process a MS/MSD, then a second LCS must be 
processed. The LCS pair is then evaluated according to the MS/MSD criteria. Use of a 
LCS pair in place of a MS/MSD must be documented. 

9.4.Sample count 
Laboratory generated QC samples (method blanks, LCS, MS/MSD) are not included in 
the sample count. Field samples are included. 

9.5.Method Blank 
A method blank consisting of all reagents added to the samples must be prepared and 
analyzed with each batch of samples. Surrogates are spiked into the method blank at the 
same level as the samples. The method blank is used to identify any background 
interference or contamination of the analytical system which may lead to the reporting of 
elevated concentration levels or false positive data. 

9.5.1.Aqueous Method Blanks use 1000 mL "of reagent water spiked with the surrogates. 
The method blank goes through the entire analytical procedure, including any 
cleanup steps. 

9.5.2.Solid method blanks use 30 g of sodium sulfate spiked with the surrogates. The 
method blank goes through the entire analytical procedure, including any cleanup 
steps. 

9.5.3. TCLP method blanks use 250 mL of leachate fluid (100 mL for herbicides) spiked 
with the surrogates. The leachate may optionally be diluted to 1000 mL with 
reagent water. The method blank goes through the entire analytical procedure, 
including any cleanup steps. 

9.6.Laboratory Control Sample (LCS) 
• 
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Laboratory Control Samples are well-characterized, laboratory generated samples used to 
monitor the laboratory's day to day performance of routine analytical methods. The LCS, 
spiked with a group of target compounds representative of the method analytes, is used to 
monitor the accuracy of the analytical process, independent of matrix effects. On-going 
monitoring of the LCS results provides evidence that the laboratory is performing the 
method within accepted QC guidelines for accuracy and precision. The LCS goes 
through the entire analytical procedure, including any cleanup steps. 

9.6.1.The LCS is made up in the same way as the method blank (See sections 9.5.1 - 9.5.3) 
but spiked with the LCS standard and the surrogates. 

9.7.Surrogates 

9.7.1.Surrogates are organic compounds which are similar to the target analyte(s) in 
chemical composition and behavior in the analytical process, but which are not 
normally found in environmental samples. 

9.7.2.Each applicable sample, blank, LCS and MS/MSD is spiked with surrogate 
standards. Surrogate spike recoveries must be evaluated by determining whether 
the concentration (measured as percent recovery) falls within the required recovery 
limits. 

9.8.Matrix Spike/Matrix Spike Duplicate (MS/MSD) 
A matrix spike is an environmental. sample to which known concentrations of target 
analytes have been added. A matrix spike duplicate is a second spiked aliquot of the 
same sample which is prepared and analyzed along with the sample and matrix spike. 

9.9.Initial Demonstration of Capability 
The initial demonstration and method detection limit studies described in section 13 must 
be acceptable before analysis of samples may begin. 

9.10. Quality Assurance Summaries 
Certain clients may require specific project or program QC which may supersede these 
method requirements. Quality Assurance Summaries (QAS) should be developed to 
address these requirements. 

9.11. STL North Canton QC Program 
Further details of QC and corrective action guidelines are presented in the STL North 
Canton QC Program document (QA-003). Refer to this document if in doubt regarding 
corrective actions. 

10. CALIBRATION AND STANDARDIZATION 

10.1. On a weekly basis, measure 1.0 mL of solvent into an autovial using a gaslight 
syringe that is manufactured to a certified volume delivery tolerance of ±0.01 mL 
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(ImL total volume). The "standard" autovial is sealed and the top and bottom of 
the meniscus are marked. The autovials containing the sample extracts are then 
compared against the "standard" vial to ensure that the final volume is 
consistently 1.0 ± 0.01 mL. If a new box of autovials are used, then the steps are 
repeated to further ensure that variations due to vial size and shape are minimized. 
A log is kept of the lot number of the vials and the day the vials were prepared. 

10.2. Refer to section 11.8.1.2. for calibration of the GPC. Otherwise this section is 
not applicable. 

11. PROCEDURE 
Procedures for separatory funnel liquid/liquid extraction (11.2), continuous liquid/liquid 
extraction (11.3), sonication extraction (11.4), soxhlet extraction (11.5), waste dilution 
(11.6), extract concentration (11.7), and extract cleanup (11.8) are presented in this section. 

11.1. Procedural Variations 
Procedural variations are allowed only if deemed necessary in the professional judgment 
of the supervisor to accommodate variation in sample matrix, radioactivity, chemistry, 
sample size, or other parameters. Any variation in procedure shall be completely 
documented using a Nonconformance memo and approved by a supervisor and QA/QC 
manager. If contractually required, the client will be notified. The Nonconformance 
memo will be filed in the project file. 
Any deviations from this procedure identified after the work has been completed must be 
documented as a nonconformance, with a cause and corrective action described. A 
Nonconformance memo shall be used for this documentation. 

11.2. Separatory Funnel Liquid/Liquid Extraction of Water Samples. 
A flow chart for this procedure is included in Section 17. 

11.2.1. Measure the initial sample pH with wide-range pH paper and record on the 
extraction benchsheet. If sample is a leachate (e.g. TCLP), compare the current pH 
against leachate log, note on the benchsheet if there is any discrepancy. 

11.2.2. The normal sample volume is 1 liter. Other sample volumes may be used to obtain 
specific reporting limits, and reduced sample volumes, diluted to 1 liter with 
reagent water, may be used for very dirty samples. 

11.2.3. Weigh the sample container on a balance (± 1 g). taring the sample and container. 
Transfer the sample to the separatory funnel.. Add the appropriate volume of 
surrogate spiking solution (see Table 3). Also add appropriate volume of matrix 
spiking solution to any matrix spike / matrix spike duplicate samples (see.Table 4) 
Mix well. If the sample is a 600 series analysis or BP GCLN sample rinse the 
sample bottle with 60 mL methylene chloride and transfer to the separatory funnel. 
Reweigh the container. Assume a density of 1 g/mL and record the difference as 
the sample volume on the benchsheet to the nearest milliliter. 

• 
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Note: Aqueous samples must be determined volumetrically for Ohio VAP samples. 

Warning: Dichloromethane creates excessive pressure very rapidly! Therefore, initial 
venting should be done immediately after the sample container has been sealed and 
inverted. Vent into hood away from analysts and other samples. 

11.2.3.1. If the entire sample bottle will not be used, transfer the aliquot to the separatory 
funnel, then add the spiking solutions to the sample in the separatory funnel. 

Note: Alternative methods of measurement of sample volume include a) transferring 
the sample to a measuring cylinder and b) marking a meniscus on the sample bottle 
and then measuring the volume of water required to fill the bottle to the meniscus 
after the sample is transferred. The former method is not recommended because of 
the risk of cross contamination while the latter is not recommended because of poor 
accuracy. However, either method may be necessary for specific client programs. 

11.2.4. Prepare a method blank, LCS and MS/MSD for each batch as specified in section 9 
of this SOP. Use 1 L of reagent water for method blanks and LCS. The LCS is 
spiked with the surrogate and matrix spike solutions, the method blank only with 
the surrogates. 

11.2.5. Use 250 mL of leachate for TCLP pesticides and TCLP semivolatiles, measured in 
a graduated cylinder. An alternative method would be to tare 400ml beaker on the 
balance and then add 250g to the beaker. Assume a density of Ig/mL and record 
the volume on the benchsheet. The leachate may be made up to 1 L in volume with 
reagent water. 

11.2.6. For a TCLP method blank,LCS and LCS Dup measure 250 mL of the buffer 
solution used in the leaching procedure and transfer to the separatory funnel. Add 
60 mL of methylene chloride to the separatory funnel. The TCLP leachate may be 
diluted to approximately 1 liter before extraction if desired. 

11.2.7. Adjust sample pH as indicated in Table 1 for the initial exu-action. Use the 
minimum amount of 1:1 H2SO4 or 10 N NaOH necessary. Recheck the sample 
with pH paper by dipping a disposable pipette into the sample and wetting the pH 
paper. Record adjusted pH, spiking volumes and standard numbers on the 
benchsheet. Return spiking solutions to the refrigerator as soon as possible. 

11.2.8. Seal and shake or rotate the separatory funnel vigorously for 2 minutes with 
periodic venting to release excess pressure. An autoshaker may be used to shake 
and rotate the separatory funnel. 

Warning: Dichloromethane creates excessive pressure very rapidly! Therefore, 
initial venting should be done immediately after the separatory funnel has been 
sealed and inverted. Vent into hood away from analysts and other samples. 
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11.2.9. Allow the organic layer to separate from the water phase until complete visible 
separation has been achieved (approximately 10 minutes). If the emulsion 
interface between layers is more than one-third the size of the solvent layer, the 
analyst must employ mechanical techniques to complete the phase separation. The 
optimum technique depends upon the sample and may include stirring, filtration of 
the emulsion through glass wool, centrifugation, or other physical methods. If the 
emulsion cannot be broken (recovery of <80% of the methylene chloride*), transfer 
the sample, solvent, and emulsion into the extraction chamber of a continuous 
extractor and proceed as described in continuous liquid-liquid extraction (Section 
11.2.). If this is done, the sample must be extracted as part of a valid CLLE batch. 

*Note: 15-20 mL of methylene chloride is expected to dissolve in 1 L of water. 
Thus, solvent recovery could be as low as 35 mL from the first shake and still be 
acceptable. Subsequent shakes should recover at least 50 mL of solvent. 

11.2.10.Fill a funnel with 10-20 g of anhydrous sodium sulfate. The funnel can be plugged 
with glass wool or filter paper may be used to hold the sodium sulfate. Drain the 
solvent extract from the separatory funnel through the prepared filtration funnel 
into a clean glass container. The extract may be drained directly into the KD flask. 
Close the stopcock just before the water level begins draining out of the separatory 
funnel. If the sodium sulfate becomes saturated with water add more to the funnel 
or replace the existing sodium sulfate with fresh drying agent. 

11.2.11.Repeat the extraction process two more times using fresh 60 mL portions of 
solvent, combining the three solvent extracts in the collection container. 

11.2.12.1f extraction at a secondary pH is required, adjust the pH of the sample in the 
separatory funnel to the pH indicated in Table 1 with a minimum amount of 10 N 
NaOH or 1:1 H2SO4. Measure with pH paper and record the adjusted pH on the 
benchsheet. Serially extract with three 60 mL portions of methylene chloride, as 
outlined in Steps 11.1.7 to 11.1.9. Collect these three extracts in the same 
container used for the previous fraction. 

11.2.13. Rinse the extract residue from the sodium sulfate by pouring 20-30 mL of 
clean methylene chloride through the funnel and into the collection container. 

11.2.14. Dispose of solvent and water remaining in the extractor into the appropriate 
waste container. 

11.2.15. Cover with aluminum foil if the extract is not concentrated immediately. Refer 
to Section 11.8 for concentration and Section 11.9 for cleanup. 

11.3 Short-Term Continuous Liquid-Liquid Extraction 

11.3.1 Extraction personnel must first determine if one liter of sample exists in the sample 
botde. 

• 
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11.3.2 Mark the meniscus on the side of the sample bottle for later determination of sample 
volume. 

11.3.3 Add 225 mL methylene chloride to the extractor, turn stopcock to the open position. 
Connect extractor to a 250 ml boiling flask with boiling chips. 

11.3.4 Check the pH of the sample and adjust, if necessary, using 1:1 H2S04 or ION sodium 
hydroxide. Quantitatively transfer the sample from the sample bottle to the extractor. 
*Rinse the sample bottle with 25-ml of methylene chloride for BP samples. Pour the 
rinsate from the sample bottle into the continuous extractor. 

11.3.5 Adjust the volume of solvent in the boiling flask by adding reagent water to the 
extractor, if necessary. 

11.3.6 Next, fill the sample bottle to the mark with reagent water. Pour the reagent water into 
a graduated cylinder. Measure the reagent water to ± 10 ml and document this sample 
volume on the extraction benchsheet. 

11.3.7 Add the appropriate volume of surrogate to each sample and spiking solutions to the 
MS, MSD, LCS, and/or LCSD in the extractor and mix well. 

11.3.8 Extract samples for 12 hours. 8270 extractions will still be performed in two pH 
extraction steps. Each step will run 6 hours, however, where timing is a factor the 
samples may be left to extract for longer than 12 hours. 

11.3.9 Turn stopcocks to the closed position. 

11.3.10 Allow the extractors to run another 5 minutes, then turn off the rheostats and mantles. 

11.3.11 The samples will macro concentrate in the CLLE. After the flasks have cooled, 
continue to concentrate the extracts by KD or QES methodology. 

11.3.12 This method of extraction cannot be used for method 625, 610 or 608. 

11.4 Continuous Liquid/Liquid Extraction from Water Samples. 

A flow chart for this procedure is included in Section 17. 

11.4.1. Assemble the apparatus. Add 250-400mL of methylene chloride to the 
extractor body. Add 3 to 5 boiling chips to the round-bottom distilling flask. 

11.4.2. Measure the initial sample pH with wide-range pH paper and record on the 
extraction benchsheet. If sample is a leachate (e.g. TCLP), compare the 
current pH against leachate log, note on the benchsheet if there is any 
discrepancy. 
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11.4.3. Weigh the sample container on a balance (± 1 g), taring the sample and 
container. Transfer the sample to the continuous liquid/liquid extractor . 
Add the appropriate volume of surrogate spiking solution (see Table 3). Also 
add appropriate volume of matrix spiking solution to any matrix spike / 
matrix spike duplicate samples (see.Table 4) Mix well. If the sample is a 
600 series analysis or BP GCLN sample rinse the sample bottle with 60 mL 
methylene chloride and transfer to the continuous liquid/liquid extractor. 
Reweigh the container. Assume a density of 1 g/mL and record the 
difference as the sample volume on the benchsheet to the nearest milliliter. 

Note: Aqueous samples must be determined volumetrically for Ohio VAP samples. 

Warning: Dichloromethane creates excessive pressure very rapidly! Therefore, during 
the rinse for 600 series methodology venting should be done immediately after the 
sample container has been sealed and inverted. Vent into hood away from analysts and 
other samples. 

11.4.3.1. If the entire sample bottle will not be used, transfer the aliquot to the exD-actor, 
then add the spiking solutions to the sample in the extractor. 

Note: Alternative methods of measurement of sample volume include: a.) transferring 
the sample to a measuring cylinder and b.) marking a meniscus on the sample bottle and 
then measuring the volume of water required to fill the bottle to the meniscus after the 
sample is transferred. The former method is not recommended because of the risk of 
cross contamination while the latter is not recommended because of poor accuracy. 
However, either method may be necessary for specific client programs. 

11.4.3.2. Prepare a method blank, LCS and MS/MSD for each batch as specified in 
section 9 of this SOP. Use 1 L of reagent water for method blanks and LCS. 
The method blank is spiked with the surrogates, the LCS and matrix spikes 
with the surrogates and matrix spiking solutions. 

11.4.3.3. Use 250mL of leachate for TCLP for TCLP semivolatiles and TCLP pesdcides 
measured in a graduated cylinder. An alternative method would be to tare 
400ml beaker on the balance and then add 250g to the beaker. Assume a 
density of Ig/mL and record the volume on the benchsheet. Dilute to about 1 
liter with reagent water. 

11.4.3.4. For a TCLP method blank, LCS and LCS Dup measure 250 mL of the buffer 
solution used in the leaching procedure and transfer to the separatory funnel. 
Dilute to about 1 liter with reagent water. 

11.4.3.5. Less than one liter of sample may be used, for highly contaminated samples, or 
if the reporting limit can be achieved with less than one liter of sample. In this 
event dilute the sample to about 1 liter with reagent water. 

t 
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45/50 Joint 

19.8 cm 

• 

4.1 cm 

3.5 cm 

11.4.4. Adjust sample pH as indicated in Table 1 for the initial extraction. Use the 
minimum amount of 1:1 H2SO4 or 10 N NaOH necessary. Recheck the sample 
with pH paper. Record adjusted pH, spiking volumes and standard numbers on the 
benchsheet. Return spiking solutions to the refrigerator as soon as possible. 

• 
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11.4.5. Add reagent water to the extractor body until approximately 250 mL of methylene 
chloride is pushed over into the round-bottomed flask to ensure proper operation 
and solvent cycling. Attach cold condenser (about 10°C). Turn on heating mantle. 
Inspect joints for leaks once solvent has begun cycling. Extract for 18-24 hours. (24 
hours required for 600 series) 

11.4.6. If extraction at a secondary pH is required, (see Table 1) turn off the heating 
mantle and allow the extractor to cool. Detach the condenser and adjust the pH of 
the sample in the extractor body to the pH indicated in Table 1 with a minimum 
amount of 10 N NaOH or 1:1 H2SO4. Measure with pH paper and record the 
adjusted pH on the benchsheet. Reattach the condenser and turn on heating mantle. 
Extract for 18-24 hours. 

11.4.7. Turn off the heating mantle and allow the extractor to cool. 

11.4.8. Place a funnel containing 10-20 g of anhydrous sodium sulfate on the Kudema-
Danish (K-D) apparatus or other glass container. The funnel can be plugged with 
glass wool enabling it to hold the granular anhydrous sodium sulfate or phase 
separation filter paper may be used. 

11.4.9. Dry the extract in the round bottom flask by filtering it through the sodium sulfate 
filled funnel. Note that it is not necessary or advisable to attempt to add the solvent 
remaining in the continuous extractor body to the extract. 

11.4.10.Collect the dried extract in a K-D or other glass container. Rinse the flask which 
contained the solvent extract with 20-30 mL of methylene chloride and add it to the 
funnel to complete the quantitative transfer. Dispose of solvent and water 
remaining in the extractor in the appropriate waste container. 

f^ote: Some types of CLLE apparatus have built in drying columns. If this type of 
apparatus is used then a drying step subsequent to the extraction may not be 
necessary. 

11.4.11. Cover with aluminum foil if the extract is not concentfated immediately. Refer to 
Section 11.8 for concentration and Section 11.9 for cleanup. 

11.5. Sonication 

A flow chart for this procedure is included in Section 17. 

11.5.1. Determination of percent moisture (Optional - if a different group performs this 
test, refer to the facility SOP.) 
In some cases, sample results are needed on a dry weight basis. If this is the case, 
weigh 5-10 g of sample into a suitable tared container (typically an aluminum 
weigh pan. Determine the % moisture by drying overnight (at least 12 hours) at 
105°C. Allow to cool in a desiccator before weighing. 
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^ ^, . (weight of wet sample-weight of dry sample) ,„„ 
% Moisture = -̂̂  ^ - ^ x 100 

weight of wet sample 

11.5.2. Determination of pH (Optional - if a different group performs this test, refer to the 
facility SOP.) 

If pH determination is required, transfer 10 g of soil to a beaker. Add 10 mL 
of water. Stir for five minutes then let stand for 1 hour. Determine the pH of 
the sample with a glass electrode and pH meter. 

11.5.3. Decant and discard any water layer on a sediment/soil sample. Record and 
document if a water layer was discarded on the benchsheet. Homogenize the 
sample by mixing it thoroughly in the container. If this is not possible place the 
sample in clean beaker and homogenize. Upon completion of homogenization in 
beaker return sample to original container. Discard foreign objects such as sticks, 
leaves and rocks, unless extraction of this material is required by client. If the 
sample consists primarily of foreign materials consult with the client (via the 
Project Manager or Administrator). 

11.5.4. Remove surrogate and matrix spiking solutions from refiigerator and allow to warm 
to room temperature. 

11.5.5. Weigh 30 g of sample ± 0.2g into a 250 or 400 mL beaker. Record the weight to die 
nearest 0.01 g in the appropriate column on the benchsheet. Use 30 g of sodium 
sulfate for the method blank and 30 g of sodium sulfate with 30 g of reagent sand 
for the LCS. 

11.5.6. Mix weighed sample with a spatula adding enough anhydrous sodium sulfate 
(approximately 30 g ) to be free flowing. (If the sample is not free flowing extraction 
efficiency may be reduced) 

11.5.7. Prepare a method blank, LCS and MS/MSD for each batch as specified in section 
9 of this SOP. 

11.5.8. Add the appropriate volume of surrogate spiking solution (see Table 3). Also add 
appropriate volume of matrix spiking solution to any matrix spike / matrix spike 

duplicate samples (see.Table 4) Add 1 mL of the surrogate spiking solution to 
each sample, method blank. Laboratory Conffol Sample (LCS), and matrix 
spikes. Refer to Table 6 for details of the surrogate spiking solutions. Add 1 mL 
of the appropriate matrix spiking solution to each Matrix Spike/Matrix Spike 
Duplicate (MS/MSD) and LCS. Refer to Tables 3 and 5 for details of the spiking 
solutions. Record spiking volumes and standard numbers on the benchsheet. Remra 
spiking solutions prompdy to refrigerator. 

• 

• 
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Note: The same volume of surrogate and matrix spiking solution is used if 
GPC is indicated since the final volume would be reduced to compensate for 
loss of extract during the GPC procedure. 

11.5.9. Immediately add a minimum of 100 mL of solvent to the beaker. 
Solvents: 
Semivolatile GC/MS, TPH, 
Organochlorine pesticides and PCBs 

1:1 Methylene Chloride / Acetone 

Note: Steps 11.5.5 - 11.5.9 should be performed rapidly to avoid loss of the 
more volatile extractables. 

11.5.10. Place the bottom surface of the appropriate disrupter hom tip approximately '/2 inch 
below the surface of the solvent, but above the sediment layer. 

# 

11.5.11. Sonicate for 3 minutes, making sure the entire sample is agitated. If the W-380or 
W-385 sonicator is used the output should be set at 6 for the 3/4 inch high gain (Q) 

hom or 10 for the 3/4 inch standard hom. with mode switch on pulse, and percent-
duty cycle knob set at 50%. 

Note: Do not use Microtip probe. 

11.5.12. Loosely plug the stem of a 75 mm x 75 mm glass funnel with glass wool and/or line 
the funnel with filter paper. Add 10-20 g of anhydrous sodium sulfate to the funnel 
cup. 

11.5.13. Place the prepared funnel on a collection apparatus (beaker or K-D Apparatus. 

11.5.14. Decant and filter extracts through the prepared funnel into a clean beaker or K-D 
Apparatus. 

11.5.15. Repeat the extraction two more times with additional 100 mL minimum portions of 
solvent each time. Decant off extraction solvent after each sonication. On the final 
sonication pour the entire sample (sediment and solvent) into the funnel and rinse 
with an additional 10 mL-20 mL of the methylene chloride/acetone appropriate 
solvent (Refer to Table in 11.5.9). 

Note: Alternatively, the three extracts may be collected together and then 
filtered through the sodium sulfate. 

11.5.16. Cover with aluminum foil if the extract is not concentrated immediately. Refer to 
Section 11.8 for concenu-ation and Section 11.9 for cleanup. 

# 

11.5.17. Sonicator Tuning. 

11.5.17.1. Tune the sonicator according to manufacturer's instructions. The sonicator 
must be tuned at least every time a new hom is installed. 
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11.6. Soxhlet 

11.6.1. Determination of % moisture 

In some cases, sample results are needed on a dry weight basis. If this is the case, 
weigh 5-10 g of sample into a suitable tared container (typically an aluminum 
weigh pan. Determine the % moisture by drying overnight at 105°C. Allow to cool 
in a desiccator before weighing. 

„ ^, . (weight of wet sample - weight of dry sample) 
% Moisture = -̂̂  *—^ x 100 

weight of wet sample 

11.6.2. Determination of pH 

If pH determination is required, transfer 10 g of soil to a beaker. Add 10 mL of 
water. Stir for 1 hour. Determine the pH of the sample with a glass electrode and 
pH meter. 

11.6.3. Decant and discard any water layer on a sediment/soil sample. Record and 
document if a water layer was discarded on the benchsheet. Homogenize the 
sample by mixing it thoroughly in the container. If this is not possible place the 
sample in clean beaker and homogenize. Upon completion of homogenization in 
beaker return sample to original container. Discard foreign objects such as sticks, 
leaves and rocks, unless extraction of this material is required by client. If the 
sample consists primarily of foreign materials consult with the client (via the 
Project Manager or Administrator). 

11.6.4. Remove surrogate and matrix spiking solutions from refrigerator and allow to warm 
to room temperature. 

11.6.5. Weigh 30 g of sample ± 0.2g into a beaker, recording the weight to the nearest 0.01 g 
on the benchsheet.. Use 30 g of sodium sulfate for the method blank and LCS. Add 
30 g of anhydrous sodium sulfate and mix well. The mixture should have a free 
flowing texture. If not, add more sodium sulfate. Add the sample/sodium sulfate 
mixture to a soxhlet thimble, but do not pack the thimble tightiy. The extraction 
thimble must drain freely for the duration of the extraction period. A glass wool plug 
above and below the sample in the soxhlet extractor is an acceptable alternative for 
the thimble. 

11.6.6. Add the appropriate amount of surrogate and matrix spiking solution as indicated 
in Tables 3, 4, 5, and 6. 

Sample weights less than 30 g but over 5 g may be used if the appropriate 
reporting limits can be met. 

11.6.7. Prepare a method blank, LCS and MS/MSD for each batch as specified in section 9 
of this SOP, using sodium sulfate as the matrix. The weight of sodium sulfate used 
should be approximately the weight of soil used in each sample. 

• 

• 
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11.6.8. Place approximately 200mL of solvent into a 250 mL flat bottom flask containing 
one or two clean boiling chips. Attach the flask to the extractor and extract the 
sample for 16-24 hours at 4-6 cycles per hour. Check the system for leaks at the 
ground glass joints after it has warmed up. 

NOTE: If a reduced quantity of sample is extracted, it is usually necessary to increase the 
amount of sodium sulfate added or increase the solvent boiling rate to properly set the 
cycling rate. 

Solvents: 
Semivolatile GC/MS, OPP, PAH, TPH 
Organochlorine pesticides and PCBs 

1:1 Methylene Chloride / Acetone 

11.6.9. Allow the extract to cool after the extraction is complete, then disassemble by 
gentiy twisting the soxhlet from the flask. Dry the extract in the flask by filtering it 
through a sodium sulfate filled funnel. 

# 

11.6.10. Collect the dried extract in a K-D or other glass container. Rinse the flask 
which contained the solvent extract with 20-30 mL of methylene chloride and add 
it to the funnel to complete the quantitative transfer. 

11.6.11. Cover with aluminum foil if the exd-act is not concentrated immediately. Refer 
to Section 11.8 for concentration and Section 11.9 for cleanup. 

11.7. Waste Dilution 

11.7.1. This method is used for materials that are soluble in an organic solvent. 

11.7.2. Transfer 10 mL of the solvent to be used for dilution into a Teflon capped vial. 
Mark the meniscus on the vial, then discard the solvent. 

11.7.3. Tare the vial, then transfer approximately Ig of sample to the vial. Record the 
weight to the nearest 0.01 g. 

11.7.4. Add appropriate volume of surrogate and spike solutions (Table 3). 

# 

11.7.5. Dilute to 10 mL with the appropriate solvent. (Methylene Chloride for GC/MS-
BNA and GCS-TPH. Add 10 mL of appropriate solvent (Hexane) for GCS-
pesticide and/or PCB analysis. 

11.7.6. Add 2 g -I- 0.1 g sodium sulfate to the sample. Cap and shake or vortex each 
extract for 2 minutes. 
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11.7.7. If H20 is still present, add 4-5 g sodium sulfate to a small pipette funnel. The 
funnel can be plugged with glass wool or phase separation filter paper may be used 
to hold the sodium sulfate. 

11.7.8. Pour the sample through the funnel, collecting as much as possible in a clean vial. 
Do NOT rinse the funnel with additional solvent, and do NOT concentrate the 
sample. The final volume is defined as 10 mL. 

11.7.9. Label the sample, which is now ready for cleanup or analysis. 

11.8. Concentration 
According to the type of sample and any cleanup procedures needed, different final 
solvents and volumes will be required. Refer to Table 2 for the appropriate final volumes 
and concentrations. 

11.8.1. Kudema-Danish (KD) Method: 

11.8.1.1 .Assemble a Kudema-Danish concentrator by attaching a 10 mL concentrator 
tube to the 500 mL KD flask. Transfer the sample to the K-D flask. 
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11.8.1.2. Add one or two clean boiling chips and the extract to be concentrated to the KD 
flask and attach a three ball Snyder Column. Add approximately 1 mL of clean 
methylene chloride to the top of the Snyder column (this is important to ensure 
that the balls are not stuck and that the column will work properly). 

Snyder Column 

K-D Flask 

Concentrator Tube 

11.8.1.3. Place the KD apparatus on a water bath (90-98°C) so that the tip of the 
concentrator tube is submerged. The water level should not reach the joint 
between the concentrator and the KD flask. At the proper rate of distillation, 
the balls will actively chatter but the chambers should not flood. 

11.8.1.4. Concentrate to 5-15 mL. If the determinative method requires a solvent 
exchange add the appropriate exchange solvent (50 mL hexane, 20 ml 
hexane/acetone, or 4 mL acetonitrile,4mL toluene (Herbicide TCLP), or 10 mL 
toluene) to the top of the Snyder Column, and then continue the water bath 
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concentration back down to 1-4 mL. Refer to Table 2 for details of exchange 
solvents and final volumes. The Snyder column may be insulated if necessary 
to maintain the correct rate of distillation. 

Note: Add an additional boiling chip with the addition of exchange solvent. 
An alternative technique for solvent exchange is to replace the macro Snyder 
column and KD flask widi a micro Snyder column, concentrate to 
approximately 1 mL, add the appropriate solvent, and concentrate back down 
to 1 mL. The extract must be cool before the macro Snyder assembly is 
removed. 
Note: It is very important not to concentrate to dryness as analytes will be 
lost. 

11.8.1.5. Remove the KD apparatus from the water bath and allow to cool for a 
minimum of 10 minutes. If the level of the extract is above the level of the 
concentrator tube joint, continue to distill the solvent as necessary. Again, 
allow the KD flask to cool for a minimum of 10 minutes. 

11.8.1.6. If the final volume is 5 or 10 mL the extract may be made up to volume in the 
graduated KD tube or transferred to a 12 mL vial previously marked at the 
appropriate volume level. Document the final volume. Otherwise proceed to 
section 11.8.2 

11.8.2. Nitrogen Evaporation to Final Concentration 

11.8.2.1. Transfer the entire exfract to a calibrated evaporation tube. Rinse the 
concentrator tube with 1-2 mL of the appropriate solvent and transfer the 
solvent rinsate to the evaporation tube. 

11.8.2.2. Place the tube in a warm water bath that is at least 5°C below the boiling 
temperature of the solvent being evaporated and evaporate the solvent using a 
gentie stream of nitrogen. The nitrogen flow will form a slight depression on 
the surface of the solvent, but should not create splattering of the extract. 

Boiling points of commonly used solvents are: 
Methylene chloride 40°C 
Acetone 56°C 
Hexane 69°C 
Acetonitrile 82°C 
Toluene 111°C 

11.8.2.3.During the course of the evaporation rinse the sides of the evaporation tube twice with 
approximately 1 mL of clean solvent. The first rinse should be about half way 
through he process, with the second rinse when the solvent volume gets close to 
1 mL. Concentrate the solvent accurately to the calibrated volume line and 
transfer the extract to the appropriate storage vial. 

Note: It is very important not to concentrate to dryness as analytes will be lost. 

% 
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An alternative technique is to follow the previous steps concen&ating the 
solvent to slightiy below the required final volume and then drawing the extract 
into a syringe. Rinse the evaporation tube with a small amount of solvent and 
draw additional solvent into the syringe to make up the accurate final volume. 

Note: It is very important not to concentrate to dryness as analytes will be 
lost. 

Note: The final concentration and volume measurement steps are critical. Use care when 
concentrating and make certain that the final volume measurement is accurate. 

Alternative QES Concentration Method: 

This concentration method uses a hot water jacketed concentrator tube (CT) 
instead of the hot water bath and concentrator tube used in Section ] 1.8.1.1. 
The construction of the jacketed concentrator tube reduces the tendency of the 
extract to evaporate to dryness. Thus, low boiling analytes are. retained in the 
extract better with less analyst monitoring of the concentration process. 

Assemble the jacketed concentrator tube, KD body and hot water hoses. 
Add ImL of exchange solvent (if needed) and one large, clean boiling 
chip. 

NOTE: The boiling chips used in the jacketed concentrator tube must be 
large enough to prevent them falling down into the tip of the CT. If the 
boiling chip is not in the proper position, the extract may superheat and 
bump vigorously if the extract solvent warms up slowly. 

Pour the extract to be concentrated into the KD flask, and attach a 
three-ball Snyder column. 

Turn on the hot (95°C) water flow to the jacketed concentrator tube. 

Concentrate to 1 mL. If the detenninative method requires a solvent 
exchange, add the appropriate exchange solvent (5-10 mL hexane, 1 mL 
acetonitrile, 4 mL acetone/hexane) to the top of the Snyder column. 
Continue to concentrate until the Snyder column balls stop chattering. 

Cool the jacketed concentrator tube until it is cold to the touch. 

Quantitatively transfer the extract and dilute to final volume, or continue 
concentration with nitrogeri evaporation (section 11.8.2). 
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11.8.3. Turbovap Method 

11.8.3.1. Turn on the Turbovap and adjust the water temperature to 5-10°C less than the 
boiling point of the solvent to be evaporated. 

11.8.3.2. Switch all endpoint sensors to the "NO" position. 

11.8.3.3. Adjust die water bath level 

11.8.3.4. Adjust the nitrogen gas pressure to approximately 12 psi. 

11.8.3.5. Transfer the extract into the Turbovap tube and load into the Turbovap. Do not 
fill the Turbovap tubes over approximately 3/4 full. 

11.8.3.6. Reset the sensor and close the lid. 

Note: If the extract splashes when the nitrogen flow starts, reduce the nitrogen flow or 
transfer a portion of the extract back into the original extract container. 

11.8.3.7. As the extract concentrates, u-ansfer the remainder of the extract into the 
appropriate Turbovap tube. After all of the extract has been u-ansferred, rinse 
the flask with a few mL of methylene chloride and add to the Turbovap tube. 

11.8.3.8. During the concentration rinse the Turbovap tube walls with a few mL of 
solvent 1 or 2 times. 

11.8.3.9. Concentrate the extract to slightiy less than the required final volume. 

11.8.3.10. If solvent exchange is required, concentrate to 1-4 mL and add 50 mL of the 
exchange solvent. Concentrate back down to the appropriate volume. 

Refer to Table 2 for details of exchange solvents and final volumes. 

11.8.3.11. Transfer the concentrated extract to volumetric glassware for adjustment of 
final volume, using a small amount of solvent to rinse the tube and complete 
the transfer. 

Note: Water contamination from condensation during concentration is not 
acceptable. If water is present, remove the Turbovap tube and filter the 
extract through sodium sulfate. Transfer to a clean Turbovap tube and 
continue the concentration. 
Note 2: Dark, opaque or turbid samples may not concentrate. If this occurs, 
set the concentrator sensor to dryness and supervise the entire concentration 
procedure. 

11.9. Cleanup Techniques 
m 
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The following techniques may be used to remove interfering peaks, and /or to remove 
materials that may cause column deterioration and/ or loss of detector sensitivity. 
Gel Permeation Chromatography (Section 11.9.1) is a generally applicable technique 
which can be used to prepare extracts for Semivolatiles (8270), and pesticides (8081) 
analysis. It is capable of separating high molecular weight material from the sample 
analytes, and so is particularly useful if tissue or vegetable matter is part of the sample, 
and for many soil samples. 
Note: GPC used only for CLP Projects 

Florisil column cleanup (Section 11.9.2) is particularly useful for cleanup of pesticides 
for analysis by method 8081 and should normally be applied to these samples unless the 
matrix is clean. It separates compounds with a different polarity from the target analytes. 
Note: GPC used only for CLP Projects 
Gel Permeation Chromatography and Florisil column cleanup may both be applied to 
samples for analysis by method 8081/8082. In this case the GPC should be performed 
first. 

Sulfur cleanup (Section 11.9.3) is generally applied to samples for analysis by method 
8081/8082, since the Electron Capture Detector responds strongly to sulfur. It is 
performed after GPC and Florisil cleanup. 

Sulfuric acid cleanup (Section 11.9.4) is applied to samples requiring analysis for 
Polychlorinated Biphenyls (PCBs) only. Most organic matter is destroyed by the sulfuric 
acid. 
WARNING: Sulfuric acid cleanup must not be performed on any matrix that may have 
water present as a violent reaction between the acid and water may result in acid 
exploding out of the vessel. 

Acid Base Partition Cleanup (Section 11.9.5) is useful for separating organic acids and 
phenols from basic and neutral organics. 

Fluorocarbon cleanup (Section 11.9.7) is used to remove hydrocarbons from water 
samples to be analyzed for water soluble alcohols. 

11.9.1. Gel Permeation Chromatography (GPC) 

Note: GPC systems include the GPC Autoprep Model 1002A or 1002B Analytical 
Biochemical Laboratories, Inc., Zymark Benchmate, or equivalent. 

11.9.1.1. GPC Column Preparation 

11.9.1.1.1. Weigh out 70 g of Bio Beads (SX-3) into a 400-niL beaker. 

11.9.1.1.2. Add approximately 300 mL of methylene chloride and stir gently. 



EXTRACTION AND CLEANUP OF ORGANIC COMPOUNDS SOP No: CORP-OP-OOOlNC 
FROM WATERS AND SOILS, BASED ON SW-846 3500 SERIES, Revision No: 33 
3600 SERIES, 8151A AND 600 SERIES METHODS Revision Date: 04/22/02 

Page 30 of 71 

11.9.1.1.3. Cover with aluminum foil and allow the beads to swell for a 
minimum of two hours. Maintain enough solvent to sufficientiy 
cover the beads at all times. 

11.9.1.1.4. Position and tighten the outiet bed support (top) plunger assembly in 
the tube by inserting the plunger and turning it clockwise until snug. 
Install the plunger near the column end but no closer than 5 cm 
(measured from the gel packing to the collar). 

11.9.1.1.5.Turn the column upside down from its normal position with the open 
end up. Place the tubing from the top plunger assembly into a waste 
beaker below the column. 

11.9.1.1.6. Swirl the bead/solvent slurry to get a homogeneous mixture and pour 
the mixture into the open end of the column. Transfer as much as 
possible with one continuous pour trying to minimize bubble 
formation. Pour enough to fill the column. Wait for the excess 
solvent to drain out before pouring in the rest. Add additional 
methylene chloride to transfer the remaining beads and to rinse the 
beaker and the sides of the column. If the top of the gel begins to 
look dry, add more methylene chloride to rewet the beads. 

11.9.1.1.7. Wipe any remaining beads and solvent from the inner walls of the 
column with a laboratory tissue. Loosen the seal slightiy on the other 
plunger assembly (long plunger) and insert it into the column. Make 
the seal just tight enough so that any beads on the glass surface will 
be pushed forward, but loose enough so that the plunger can be 
pushed forward. 

CAUTION: Do not tighten the seal if beads are between the seal and 
the glass surface because this can damage the seal and cause leakage. 

11.9.1.1.8. Push the plunger until it meets the gel, then compress the column bed 
about 4 cm. 

11.9.1.1.9. Connect the column inlet to the solvent reservoir and place the 
column outiet tube in a waste container. Pump methylene chloride 
through the column at a rate of 5 mlVmin. for one hour. 

11.9.1.1.10. After washing the column for at least one hour, connect the column 
outlet tube to the inlet side of the UV detector. Connect the 

system outlet to the outiet side of the UV detector. Placing a 
restrictor (made from a piece of capillary tubing of 1/16"0D x 
10/1000"ID X 2") in the outiet tube from the UV detector will 
prevent bubble formation which causes a noisy UV baseline. 
The restrictor will not effect the flow rate. After pumping 
methylene chloride through the column for an additional 1-2 

% 

% 
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hours, adjust the inlet bed support plunger until 
approximately 6-10 psi back-pressure is achieved. Push the plunger 
in to increase pressure or slowly pull outward to reduce pressure. 

11.9.1.1.11.When the GPC column is not to be used for several days, connect the 
column inlet and outiet lines to prevent column drying and/or 
channeling. If channeling occurs, the gel must be removed from 

the column, re-swelled, and re-poured as described above. If 
drying occurs, pump methylene chloride through the column 
until the observed column pressure is constant and the 
column appears wet. Always recalibrate after column drying has 
occurred to verify that retention volumes have not changed. 

11.9.1.2. Initial Calibration of the GPC Column 

11.9.1.2.1. Before use, the GPC must be calibrated based on monitoring the 
elution of standards with a UV detector connected to the GPC 
column. 

11.9.1.2.2. Pump solvent through the GPC column for 2 hours. Verify that the 
flow rate is 4.5-5.5 mL/min. Corrective action must be taken if the 
flow rate is outside this range. Record the column pressure (should 
be 6-10 psi) and room temperature (22°C is ideal). 

Note: Changes in pressure, solvent flow rate, and temperature 
conditions can affect analyte retention times and must be monitored. 
If the flow rate and/or column pressure do not fall within the above 
ranges, a new column should be prepared. 

11.9.1.2.3. Inject the calibration solution and retain a UV trace that meets the 
following requirements (See resolution calculation in section 
11.9.1.6): 

• Peaks must be observed and should be symmetrical for all 
compounds in the calibration solution. 

• Com oil and phthalate peaks must exhibit >85% resolution. 
• Phthalate and methoxychlor peaks must exhibit >85% resolution. 
• Methoxychlor and perylene peaks must exhibit >85% resolution. 
• Perylene and sulfur peaks must not be saturated and must exhibit 

>90% baseline resolution. 

11.9.1.2.4. A UV trace that does not meet the criteria in paragraph 11.9.1.2.3 
indicates the need for system maintenance and/or the need for a new 
column. 

11.9.1.2.5. Determine appropriate collect and dump cycles. 
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11.9.1.2.6. The calibrated GPC program for pesticides/PCB should dump >85% 
of the phthalate and should collect >95% of the methoxychlor and 
perylene. Use a wash time of 10 minutes. 

11.9.1.2.7. For semivolatile extracts, initiate a column eluate collection just 
before the elution of bis (2-ethylhexyl) phthalate and after the elution 
of the com oil. Stop eluate collection shortiy after the elution of 
perylene. Stop collection before sulfur elutes. Use a wash time of 10 
minutes after the elution of sulfur. 

11.9.1.2.8. Reinject the calibration solution after appropriate dump and collect 
cycles have been set. 

11.9.1.2.9. Measure and record the volume of collected GPC eluate in a 
graduated cylinder. 

11.9.1.2.10. The retention times for both bis(2-ethylhexyl) phthalate and 
perylene must not vary more than +1- 5% between calibrations. 

11.9.1.3. GPC calibration check 
Check the calibration of the GPC immediately after the initial calibration and 
at least every 7 days thereafter, while the column is in use. 

11.9.1.3.1. Inject the calibration solution, and obtain a UV trace. If the retention 
times of bis(2-ethylhexyl)phthalate or perylene have changed by more 
than + 5% use this run as the start of a new initial calibration. 
Otherwise, proceed with the recovery check. Excessive retention time 
shifts may be caused by poor laboratory temperature control or 
system leaks, an unstabilized column, or high laboratory temperature 
causing outgassing of methylene chloride. Pump methylene chloride 
through the system and check the retention times each day until 
stabilized. 

11.9.1.4. GPC Recovery Check for Pesticides/ PCBs 

11.9.1.4.1. The recovery from the GPC must be verified immediately after the 
initial calibration and at least every 7 days, when the instrument is in 
use. Two recovery check solutions are used. The first mixture is 
prepared by diluting 1.0 2.0 mL of the pesticide matrix spiking 
solution (Table 6) to 10 mL in methylene chloride. The second 
mixture is prepared by diluting 12.0 mL of the PCB only matrix 
spiking solution (Table 6) to 10 mL with methylene chloride. 

• 

% 
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11.9.1.4.2. Load the pesticide matrix spike mixture, the PCB mixture, and a 
methylene chloride blank onto the GPC using the GC dump and 
collect values. 
Note: If the analysis is for PCBs only, then the pesticide recovery 
check is not necessary. 

11.9.1.4.3. After collecting the GPC calibration check fraction, concentrate, 
solvent exchanging to hexane. Adjust the final volume to 5.0 mL, 
and analyze by GC/EC. Refer to concentration, section 11.8. 

11.9.1.4.4. The methylene chloride blank may not exceed more than one half the 
reporting limit of any analyte. And if the recovery of each of the 
single component analytes is 80-10120% and if the Aroclor pattern is 
the same as previously run standards, then the analyst may use the 
column. If the above criteria are not met, there may be a need for 
system maintenance. 

11.9.1.5. GPC Blank for Semivolatiles 

11.9.1.5.1. The recovery from the GPC must be verified immediately after the 
initial calibration and at least every 7 days, when the instrument is in 
use. 

11.9.1.5.2. Load a methylene chloride blank onto the GPC using the 
semivolatiles dump and collect values. 

11.9.1.5.3. After collecting the GPC recovery check fraction, concentrate, and 
analyze by GC/MS. Refer to the concentration section 11.8. 

The blank should not contain any analytes at or above the reporting limit. If 
these conditions are met the column may be used for sample analysis. 
Otherwise correct the contamination problem, or extend the collect time to 
improve recovery of target analytes. 

11.9.1.6. Sample Exfract Cleanup 

11.9.1.6.1. Reduce the sample extract volume to 1-2 mL, then adjust to 10 mL 
with methylene chloride prior to cleanup. This reduces the amount of 
acetone in the extract. Refer to section 11.8. 

11.9.1.6.2. Start the pump and let the flow stabilize for 2 hours. The solvent 
flow rate should be 4.5-5.5 mL/min. The ideal laboratory 
temperature to prevent outgassing of the methylene chloride is 22°C. 
The normal backpressure is 6-10 psi. 
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11.9.1.6.3. In order to prevent overloading of the GPC column, highly viscous 
sample extracts must be diluted prior to cleanup. Any sample extract 
with a viscosity greater than that of a 1:1 glycerol:water solution (by 
visual comparison) must be diluted and loaded into several loops. 

11.9.1.6.4. Samples being loaded onto the GPC should be filtered with a 5 
micron (or less) filter disk. Attach a filter to a 10 mL Luerlok syringe 
and filter the 10 mL sample extract into the sample tube. 
Note: The Zymark Benchmate automatically filters the sample 
extracts, but manual prefiltration of very dirty extracts may be 
necessary. 

11.9.1.6.5. Load the filtered (or unfiltered if using the Benchmate) samples into 
the proper sample tubes and place on the GPC. 

Note: For the GPC Autoprep Model 1002A, wash the loading port 
with methylene chloride after loading each sample loop in order to 
minimize cross contamination. This step is automated on the GPC 
Autoprep 1002B and on the Benchmate. 

11.9.1.6.6. Set the collect, dump, and wash times determined by the calibration 
procedure. 

11.9.1.6.7. Switch to the run mode and start the automated sequence. Process 
each sample using the collect and dump cycle times established by 
the calibration procedure. 

11.9.1.6.8. Collect each sample in a suitable glass container. Monitor sample 
volumes collected. 

11.9.1.6.9. Any samples that were loaded into 2 or more positions must be 
recombined. 

11.9.1.6.10. Concentrate semivolatile sample extracts to 0.5 mL in methylene 
chloride. Refer to the concentration section 11.8. 

11.9.1.6.11. Solvent exchange pesticide/PCB sample extracts into hexane and 

concentrate to 5.0 mL. Refer to the concentration section 11.8. 

11.9.1.7. Calculations 

11.9.1.7.1. Resolution 
To calculate the resolution between two peaks on a chromatograph, 
divide the depth of the valley between the peaks by the peak height of J 
the smaller peak being resolved and multiply by 100. 
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Resolution Calculation 

Height 

Time 

% Resolution = —xlOO 
B 

Where: A = depth of valley to height of smaller peak 

B = peak height of smaller peak 

11.9.1.7.2. Dump Time 
Mark on the chromatograph the point where collection is to begin. 
Measure the distance from the injection point. Divide the distance by 
the chart speed. Alternatively the collect and dump times may be 
measured by means of an integrator or data system. 

Dump time (min) = 
Distance (cm) from injection to collection start 

Chart speed (cm / min) 

11.9.1.7.3.Collection Time 
^ „ . . , . ^ Distance (cm) between collection start and stop 
Collection time (imn) = 

Chart speed (cm / min) 

11.9.2. Florisil Cartridge Cleanup 

# 

Florisil cleanup is generally used for organochlorine pesticides, although it may 
be applied to other analytes. Sections 11.9.8.2.1 through 11.9.8.2.8 outline the 
procedure for organochlorine pesticides, while section 11.9.2.9 outlines 
modifications required for other analytes. 
Note 1: Systems for eluting multiple cleanup cartridges include the Supelco, Inc. 
Solid Phase Extraction (SPE) assemblyor equivalent. 
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Note 2: Follow the lab specific procedure when using ABC Model 1002B. 

11.9.2.1. Before Florisil cleanup sample volume must be reduced to 10 mL (5 mL if 
GPC cleanup was used) and the solvent must be hexane. Refer to Section 11.8 
for details of concentration. 

11.9.2.2. Attach a vacuum manifold to a vacuum pump or water aspirator with a trap 
installed between the manifold and the vacuum. Adjust the vacuum in the 
manifold to 5-10 psi. 

11.9.2.3. Place one Horisil cartridge into the vacuum manifold for each sample exo-act. 
Prior to cleanup of samples, pre-elute each cartridge with 5 mL of 
hexane/acetone (9:1). Adjust the vacuum applied to each cartridge so that the 
flow through each cartridge is approximately 2 mL/min. Do not allow the 
cartridges to go dry. 

11.9.2.4. Just before the cartridges go dry, release the vacuum to the manifold and 
remove the manifold top. 

11.9.2.5. Place a rack of clean labeled 12 mL concentrator tubes into the manifold and 
replace the manifold top. Make sure that the solvent line Irom each cartridge is 
placed inside the appropriate tube. 

11.9.2.6. After the clean tubes are in place, vacuum to the manifold is restored and 2.0 
mL of the extract is added to the appropriate Florisil cartridge. 

11.9.2.7. The pesticides/aroclors in the extract concentrates are then eluted through the 
column with 8 mL of hexane/acetone (90:10) and are collected into the 10 mL 
culmre tube or concentrator tube held in the rack inside the vacuum manifold. 

11.9.2.8. Transfer the extract to a graduated concentrator tube and concentrate the extract 
to 2 mL. Refer to the concentration section. (11.8) 

Note 1: A cartridge performance standard must be run with each lot of 
Florisil cartridges. 

Note 2: Florisil cartridge performance check—every lot number of Florisil 
must be tested before use. Add 0.5 ug/mL of 2,4,5-trichlorophenol solution 
and 0.5 mL of GC Standard Mix A (midpoint concentration) to 4 mL hexane. 
Reduce volume to 0.5 mL. Add the concentrate to a pre-washed Florisil 
cartridge and elute with 9 mL hexane/acetone [(90:10)(v/v)]. Rinse cartridge 
with 1.0 mL hexane two additional times. Concentrate eluate to 1.0 mL final 
volume and transfer to vial. Analyze the solution by GC/EC. The test sample 
must show 80 to 120% recovery of all pesticide analytes with <5% 
trichlorophenol recovery, and no peaks interfering with target compounds can 

% 
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be detected. This standard has a lifetime of six months. Alternatively, this 
standard may be purchased as a stock solution. 

11.9.2.9. Modifications for other analyte classes 

11.9.2.9.1. PCBs 
Pre-elute the cartridge with 4 mL hexane. Add 2 mL of the sample 
extract and elute with 3 mL hexane. The eluant will contain the PCBs 
together with any heptachlor, aldrin, 4,4'DDE and part of any 4,4'DDT. 
Any BHC isomers, heptachlor epoxide, chlordane, endosulfan I and E, 

endrin aldehyde and endrin sulfate and methoxychlor will be retained on 
the column and can be eluted in a separate fraction with 8 mL 90:10 
hexane:acetone if required. 

11.9.3. Sulfur Removal 

11.9.3.1. Sulfur can be removed by one of three methods: mercury, copper, or 
tetrabutylammonium sulfite (TBA) according to laboratory preference. If the 
sulfur concentration is such that crystallization occurs in the concentrated 
extract, centrifuge the extract to settie the crystals, and carefully draw off the 
sample extract with a disposable pipet, leaving the excess sulfur in the 
centrifuge tube. Transfer the extract to a clean concentrator tube before 
proceeding with further sulfur cleanup. 

( 

11.9.3.2. Sulfur Removal with Elemental Mercury 
Note: Use Mercury sparingly in order to minimize exposure and disposal 
costs. 

11.9.3.2.1.Transfer 2 mL of sample extract into a clean concentrator tube or 
Teflon sealed vial. 

11.9.3.2.2. Add one to three drops of mercury to the extract vial and seal. 

11.9.3.2.3. Shake well for 15-30 seconds. If prolonged shaking is required, use a 
mechanical shaker. 

11.9.3.2.4. Remove the extract from the mercury using a disposable pipette and 
transfer to a clean vial. 

11.9.3.2.5. If black precipitate forms, sulfur was present. Shake again, then 
centrifuge. After centrifugation, transfer the supemate to a clean test 
tube and repeat. Do this until relatively little precipitate remains, or 
the screens indicate that cleanup is complete. C 

11.9.3.2.6. Properly dispose of the mercury waste. 
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11.9.3.3.Sulfur Removal widi Copper 

11.9.3.3.1 .Transfer 1.0 mL of sample extract into a centrifuge or concentrator 
tube. 

11.9.3.3.2. Add approximately 2 g of cleaned copper powder (see 8.2 for copper 
cleaning procedure) to the sample extract tube. 

11.9.3.3.3.Mix for one minute on a mechanical shaker. 

11.9.3.3.4. If the copper changes color, sulfur was present. Repeat the sulfur 
removal procedure until the copper remains shiny. 

11.9.3.3.5.Transfer the supemate to a clean vial. 

11.9.3.4. Sulfur Removal with Tetrabutylammonium (TBA) Sulfite Reagent 

11.9.3.4.1. Transfer 1.0 mL of sample extract into a culture tube. 

11.9.3.4.2. Add 1.0 mLTBA sulfite reagent and 2 mL2-propanol to the sample 
extract. Cap and shake for 1 minute. If clear crystals (precipitated 
sodium sulfite) form, sufficient sodium sulfite is present. 

11.9.3.4.3. If a precipitate does not form, add sodium sulfite in approximately 0.1 
g portions until a solid residue remains after repeated shaking. 

11.9.3.4.4. Add 5 mL organic free reagent water and shake for 1 minute. Allow 
sample to stand for 5-10 minutes. (Centrifuge if necessary to separate 
the layers). Transfer the sample extract (top layer) to a vial. The final 
volume is defined as 1.0 mL in section 11.9.3.4.1. 

11.9.4. Sulfuric Acid Cleanup 

11.9.4.1. Add approximately 2-5 mL of concen&ated sulfuric acid to 2 mL of sample 
extract in a Teflon capped vial. 

Caution: There must be no water present in the extract or the reaction may 
shatter the sample container. 

11.9.4.2. Shake or vortex for about thirty seconds and allow to settie. (Centrifuge if 
necessary) 

11.9.4.3.Remove the sample extract (top layer) from the acid using a Pasteur pipette and 
transfer to a clean vial. CAUTION: It is not necessary to remove all the 
extract since the final volume is already determined. Transfer of small amounts 

• 
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of sulfuric acid along with the extract will result in exu-emely rapid degradation 
of the chromatographic column. 

11.9.4.4. If the sulfijric acid layer becomes highly colored after shaking with the sample 
extract, transfer the hexane extract to a clean vial and repeat the cleanup 
procedure until color is no longer being removed by the acid, or a maximum of 
5 acid cleanups. 

11.9.4.5. Properly dispose of the acid waste. 

11.9.5. Acid/Base Partition Cleanup 

11.9.5.1. Place 10 mL of the solvent extract from a prior extraction procedure into a 125 
mL separatory funnel. 

11.9.5.2. Add 20 mL of methylene chloride to the separatory funnel. 

11.9.5.3. Slowly add 20 mL of DI water which has been previously adjusted to a pH of 
12 to 13 with 10 N sodium hydroxide. 

\^^^. 11.9.5.4. Seal and shake the separatory funnel for at least two minutes with periodic 
venting to release excess pressure. 

CAUTION: Methylene chloride creates excessive pressure very rapidly. 
Initial venting should be done immediately after the separatory funnel has 
been sealed. 

11.9.5.5. Allow the organic layer to separate from the aqueous phase for a minimum of 
ten minutes. 

11.9.5.6. If an emulsion interface between layers is more than one-third the size of the 
solvent layer, the analyst must employ mechanical techniques to complete the 
phase separation. The optimum technique depends upon the sample, and may 
include stirring, filtration of the emulsion through glass wool, centrifugation, or 
other physical methods. 

11.9.5.7. Separate the aqueous phase and transfer it to a 125 mL Erienmeyer flask. 
Repeat the extraction two more times using fresh 20 mL aliquots of dilute 
sodium hydroxide (pH 12-13). Combine the aqueous extracts. 

# 

11.9.5.8. Water-soluble organic acids and phenols will be primarily in the aqueous 
phase. Base/neutral analytes will be in the methylene chloride. If the analytes 
of interest are only in the aqueous phase discard the methylene chloride and 
proceed to Section 11.9.5.9. If the analytes of interest are only in the methylene 
chloride, discard the aqueous phase and proceed to Section 11.9.5.11. 
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11.9.5.9. Externally cool the flask with ice while adjusting the aqueous phase to a pH of 
1-2 with sulfuric acid (1:1). Transfer the cool aqueous phase to a clean 125 mL 
separatory funnel. 

11.9.5.10.Add 20 mL of methylene chloride to the separatory funnel and shake for at 
least two minutes. Allow the methylene chloride to separate fi-om the 
aqueous phase and collect the methylene chloride in an Erienmeyer flask. 
Repeat the exffaction two more times using fresh methylene chloride and 
extracting at pH 1 -2. Combine the three extracts. 

11.9.5.11.Dry the extract by passinjg through a funnel containing 10-20 g anhydrous 
sodium sulfate. Rinse the funnel with an additional 20-30 mL of 
clean methylene chloride 

11.9.5.12. Cover with aluminum foil if the extract is not concentrated immediately. 
Refer to section 11.9 for concentration. 

11.9.5.13.Dispose of solvent and water remaining in the separatory funnel into the 
appropriate waste container. 

11.9.6. Fluorocarbon Cleanup 
This procedure is appropriate for the removal hydrocarbons from water samples 
prior to analysis for water soluble alcohols 

11.9.6.1. Transfer 1-2 mL of water sample to a 10 mL culture tube. 

11.9.6.2. Add 1-2 mL of fluorocarbon solvent (PF-5080) to the culmre and cap. 

11.9.6.3. Shake for 30-60 seconds. 

11.9.6.4. After the two phases have separated, pipette about 1 mL of water sample (top 
layer) into an autosampler vial for analysis. If necessary, centrifuge to enhance 
the phase separation. 

12. DATA ANALYSIS AND CALCULATIONS 
Not applicable 

13. METHOD PERFORMANCE 

13.1. Method detection limit 
Each laboratory must generate a valid method detection limit for each analyte of interest. 
The procedure for the determination of the method detection limit is given in STL North 
Canton QA Policy #: QA-005 

# 

% 
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# 

13.2. Initial demonstration 
Each laboratory must make an initial demonstration of capability for each individual 
method. This requires analysis of four QC Check samples. The QC check sample is a 
well-characterized laboratory generated sample used to monitor method performance, 
which should contain all the analytes of interest. The spiking level should be equivalent 
to a mid-level calibration. (For certain tests more than one set of QC check samples may 
be necessary in order to demonstrate capability for the full analyte list.) 

13.2.1. Four aliquots of the QC check sample are analyzed using the same procedures used 
to analyze samples, including sample preparation. 

13.2.2. Calculations and acceptance criteria for the QC check samples are given in the 
determinative SOPs. (CORP-GC-0001, CORP-MS-0001, 0002) 

13.3. Training Qualification 
The group/team leader has the responsibility to ensure that this procedure is performed 
by an analyst who has been properly trained in its use and has the required experience. 

14. POLLUTION PREVENTION 
Within the constraints of following the methodology in this SOP, use of organic solvents 
should be minimized. 

15. WASTE MANAGEMENT 
Waste generated in this procedure will be segregated, and disposed according to the facility 
hazardous waste procedures. The Laboratory Environmental, Health and Safety Coordinator 
should be contacted if additional information is required. 

15.1. Solvent waste must be disposed of in the clearly labeled waste cans. 

15.2. Acid waste must be collected in the clearly labeled acid waste containers. 

15.3. Solid materials (soil, gloves, soiled paper products) are placed in the solid debris 
container. Do not put liquids in the solid waste container. 

15.4. Methylene chloride saturated water and remaining sample after the extraction is 
dumped into Methylene chloride waste cans. 

16. REFERENCES 
Test Methods for Evaluating Solid Waste, Physical/Chemical Methods, SW846, 3rd Edition, 
Final Update III (December 1996). Sections 3500B, 35IOC, 3520C, 3540C, 3550B, 3600C, 
361 OB, 3620B, 3640A, 3650B, 3660B, AND 3665A. 

\ „ ^ 17. MISCELLANEOUS 

17.1. Modifications from Reference method 
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17.1.1. Some surrogate spiking concentrations are modified from those recommended in 
SW-846, in order to make the concentrations more consistent with the calibration 
levels in the determinative methods. 

17.1.2. Aqueous sample volumes may be determined by weight. 

17.1.3. Spiking levels for method 608 have been reduced by a factor of ten to bring 
the levels within the normal calibration range of the instrument. 

17.1.4. 10 g of soil is used for pH determination, rather than the 50 g suggested in the 
reference method. The volume of water is also adjusted to maintain the sample / 
water ratio specified in the method. 

17.2. Modifications from previous revision 

17.2.1. SOP change forms are on record in the Quality Assurance Department. 

17.3. Facility Specific SOPs 
Each facility shall attach a list of facility specific SOPs or approved attachments (if 
applicable) which are required to implement this SOP or which are used in conjunction 
with this SOP. If no facility specific SOPs or amendments are to be attached, a statement 
must be attached specifying that there are none. 

17.4. Tables 

Determinative Method 
BNA: 8270C' 
625 
Pest/PCB: 8081 A, 8082 & 
608 
Wisconsin DRO 
OPP: 8141A 
Hydrocarbons: 8015B 
PAH: 8310, & 610 

Liq 
Table 1 1 

uid /Liquid Extraction Conditions | 
Initial Ext. pH 
1-2 
11-12 
5-9 

2 
as received 
as received 
as received 

Secondary Ext. pH 
11-12 
1-2 
None 

None 
None 
None 

If the laboratory has validated acid only 8270 extraction for the target compound list 
required then the base extraction step may be omitted. The required validation consists of 
a 4 replicate initial demonstration of capability and a method detection limit study. (See 
section 13). Additionally, either of the base or acid fractions of Method 8270 can be run 
first. 



EXTRACTION AND CLEANUP OF ORGANIC COMPOUNDS 
FROM WATERS AND SOILS, BASED ON SW-846 3500 SERIES, 
3600 SERIES, 8151A AND 600 SERIES METHODS 

SOP No: CORP-OP-OOOlNC 
Revision No: 3 ^ 

Revision Date: 04/22/02 
Page 43 of 71 

Table 2 
Exchange Solvents and Final Volumes 

1 Final Volumes and Exchange Solvents if no cleanup is used | 

1 
Type 

1 Semivolatiles 
PCB 

1 Pesticides 
PesticidesyTCLP 
PAH by HPLC 
BNA - SIM 
TPH 

1 OPP 

Exchange Solvent for Analysis 
N/A 
Hexane 
Hexane 
Hexane 
Acetonitrile 
N/A 
N/A 
Hexane/Acetone 

Final Volume for Analysis in mL \ 
5.0*- Solids, 2.0 for H20 
10.0 for solids 5.0forH2O 2.0for H20** 
10.0 for solids 5.0forH2O 
3.0 mL 
1.0 mL 

2.0 mL - Solids & H20 
1.0 
2.0 

^Requires high sensitivity mass spec tune (refer to NC-MS-0015 PAH by SIM) 
** Michigan work requires a final volume of 2 mL. 

1 Final Volumes and exchange solvents if GPC cleanup is used CLP ONLY - SOLIDS ONLY 
Type 

1 Semivolatiles 

Semivolatiles 

1 Pesticides 
' Final volume for 

Exchange Solvent for 
GPC 

CH2CI2 

CH2CI2 

CH2CI2 
GPC may be 4 mL if a 2 ml 

Final Volume for GPC 

10 mL' 

10 mL' 

10 mL' 
^ sample loop is used 

Final Volume and solvent 
for Analysis 

0.5niLCH2Cl2-
OLM03.1 
2.5 mL CH2CI2 -
OLM04.2 
5 mL, Hexane 

1 Final volumes and exchange solvents if Florisil cleanup is used CLP ONLY 
Type 

1 Pesticides 

Exchange Solvent 
for Florisil 
Hexane 

Final Volume for Rorisil 

10 mL (2 mL aliquot used) 

Final Volume and solvent for 
Analysis 
2 mL, hexane | 

1 Final volumes and exchange solvents if both GPC and Florisil cleanup are used CLP ONLY | 
Type 

1 Pesticides 

Exchange 
Solvent for 
GPC 
Methylene 
Chloride 

Final 
Volume for 
GPC 
lOmL 

Exchange 
Solvent for 
Florisil 
Hexane 

Final Volume 
for Florisil 

5 niL(2mL 
aliquot used) 

Final volume for 
analysis 

2 mL, hexane 

Note: Different final volumes may be necessary to meet special client reporting limit requirements. 
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Table 3 

Surrogate Spiking Solutions 

Analyte Group 

BNA-SOLEDS 

BNA / SIM 

BNA-H20 

Pest 

TPH 

PCB 

PAH 

OPP 

Surrogate Spike 
Solution ID 

100/150 ppm BNA 

100/150 ppm BNA 

100/150 ppm BNA 

0.2 ppm DCB/TCX 

40ng C9 

0.2 ppm DCBAFCX 

1.0 Ug/mL p-Terphenyl-d 14 

5.0 Ug/mL Benzo(e)pyrene 

10 Ug/mL Triphenyl Phosphate 

Volume (mL) 

0.5 

.2 / 0.02 

0.2 

1.0 

1.0 

1.0 

1.0 

1.0 

Table 4 

Matrix Spike and LCS Solutions || 

Analyte Group 

BNA-H20, BNA-TCLP 

BNA- SOLIDS 

BNA / SIM 

PEST - SOLIDS & H20 

PEST TCLP 

PCB 

PAH 

TPH 

OPP 

Matrix Spike 
Solution ID 

100 ppm BNA All-Analyte 
Spike & Restek Spike 

100 ppm BNA All-Analyte 
Spike «& Restek Spike 

100 ppm BNA All-Analyte 
Spike & Restek Spike 

Pest NPDES Spike 

Pest TCLP Spike 

10 ppm PCB Spike 

See Spike List - Table 6 

See Spike List - Table 6 

See Spike List - Table 6 

Volume (mL) 

0.2 

0.5 

0.2 / 0.02 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 
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Table 5 1 
Surrogate Spike Components | 

Type 

BNA 

Pest/PCB 

TPH 

PAH 

OPP 

Compounds 

2-Fluorobiphenyl 

Nitrobenzene-d5 

p-Terphenyl-dl4 

2-Huorophenol 

Phenol-d6 

2,4,6-Tribromophenol 

1,2-Dichlorobenzene-d4 

2-Chlorophenol-d4 

Decachl orobiphenyl 

Tetrachloro-m-xylene 

Nonane (C9) 

p-Terphenyl-d-14 

Benzo(e)pyrene 

Triphenylphosphate 

Solvent 

Methanol 

Methanol 
Acetone 

Methanol 

CH3CN 

Acetone 

Cone. 1 
(Mg/mL) 1 

100 

100 

100 

150 

150 

150 

100 

150 

0.2 

0.2 

40.0 

1.0 

5.0 

10.0 

• 

Table 6 
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Type 

TCL BNA 

BNA 

TCLP 

BNA 
NPDES 

Matrix Spike Components 

Compounds 

Acenaphthene 

4-Chloro-3-Methylphenol 

2-Chlorophenol 

1,4-Dichlorobenzene 

2,4-Dinitrotoluene 

4-Nitrophenol 

N-Nitroso-Di-n-Propylamine 

Pentachlorophenol 

Phenol 

Pyrene 

1,2,4-Trichlorobenzene 

1,4-Dichlorobenzene 

2,4-Dinitrotoluene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachloroethane 

2-Methylphenol 

3-Methylphenol 

4-Methylphenol 

Nitrobenzene 

Pentachlorophenol 

Pyridine 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol 

Solvent 

Methanol 

Methanol 

Methanol 

Cone. 
(pg/mL) 

100 

150 

150 

100 

100 

150 

100 

150 

150 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

• 
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1 Table 6 1 
1 Matrix Spike Components 1 

Type 

• 

Compounds 

1 Acenaphthene 

1 Acenaphthylene 

1 Anthracene 

1 Benzo(a)anthracene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Benzo(ghi)perylene 

Benzyl butyl phthalate 

Bis(2-chloroethyl)ether 

Bis(2-chloroethoxy)methane 

Bis(2-ethylhexyl)phthalate 

Bis(2-chloroisopropyl)ether 

4-Bromophenyl phenyl ether 

2-Chloronaphthalene 

4-Chlorophenyl phenyl ether 

Chrysene 

Dibenzo(a,h)anthracene 

Di-n-butylphthalate 

1,3-Dichlorobenzene 

1,2-Dichlorobenzene 

1,4-Dichlorobenzene 

3,3'-Dichlorobenzidine 

Diethyl phthalate 

Dimethyl phthalate 1 

Solvent 

Methanol 

Cone. 
(pg/mL) 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 
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Table 6 

Matrix Spike Components 

Type Compounds 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

Di-n-octylphthalate 

Fluoranthene 

Fluorene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachloroethane 

Indeno(l,2,3-cd)pyrene 

Isophorone 

Naphthalene 

Nitrobenzene 

N-Nitrosodi-n-propylamine 

Phenanthrene 

Pyrene 

1,2,4-Trichlorobenzene 

4-Chloro-3-methylphenol 

2-Chlorophenol 

2,4-Dich] orophenol 

2,4-Dimethylphenol 

2,4-Dinitrophenol 

2-Methyl-4,6-dinitrophenol 

2-Nitrophenol 

4-Nitrophenol 

Pentachlorophenol 

Solvent 
Cone. 
(Mg/mL) 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 1 

# 
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Table 6 

1 Matrix Spike Components | 

Type 

Pest TCLP 

Pest 
NPDES 
/Pest 

Compounds 

Phenol 

1 2,4,6-Trichlorophenol 

Acetophenone 

Atrazine 

Caprol actum 

Benzaldehyde 

l,l'-Biphenyl 

Safrole 

1,4-Dioxane 

Pronamide 

p-Chlorobenzilate 

Phenacetin 

Ethyl methanesulfonate 

2-Picoline 

Phorate 

Quinoline 

Heptachlor 

Heptachlor epoxide 

Lindane 

Endrin 

Methoxychlor 

Aldrin 

alpha-BHC 

beta-BHC | 

Solvent 

Methanol 
Acetone 

Methanol 
Acetone 

Cone. 
(Mg/mL) 

100 

100 

100 

100 

100 

100 

100 

100 1 

100 1 

100 1 

100 

100 1 

100 1 

100 1 

100 1 

100 1 

0.3 

0.5 1 
0.5 1 
0.5 1 
1.0 1 

1.0 

1.0 1 
1.0 1 
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Table 6 

Matrix Spike Components 

Type Compounds 

delta-BHC 

gamma-BHC (Lindane) 

4,4'-DDD 

4,4'-DDE 

4,4'-DDT 

Dieldrin 

alpha-Endosulfan 

beta-Endosulfan 

Endosulfan Sulfate 

Endrin 

Heptachlor 

Heptachlor Epoxide 

Solvent 
Cone. 
(pg/mL) 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

# 

Diesel Range Organics (8015B) Spike 
Compound 

n-decane 
n-dodecane 

n-tetradecane 
n-hexadecane 
n-octadecane 

n-eicosane 
n-docosane 

n-tetracosane 
n-hexacosane 
n-octacosane 

Final Concentration 
50 Mg/ml 
50Mg/nil 
50Mg/ml 
50Mg/nil 
50 Mg/ml 
50Hg/ml 
50 Mg/ml 
50 Mg/ml 
50 Mg/ml 
50 Mg/ml 

Organophorphorous Pesticides (8141A) 
Compound 
dimethoate 
disulfoton 

Final Concentration 
20 Mg/mL 
20 Mg/mL 
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famphur 
methyl parathion 
parathion (ethyl) 

phorate 
sulfotepp 
thionazin 

0,0,0-triethyl phosphorothioate 
triphenylphosphate (surrogate) 

20 Mg/mL 

20 Mg/mL 
20 Mg/mL 
20 Mg/mL 
20 Mg/mL 
20 Mg/mL 
20 Mg/mL 
20 Mg/mL 

v_ 

I Polynuclear Aromatic Hydrocarbons (8310) 
Compound 
Acenaphthylene 
Carbazole 

1 Naphthalene 
1-Methylnaphthalene 
2-Methylnaphthalene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Euoranthene 

1 Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(a)pyrene 
Benzo(k)fluoranthene 
Benzo(a)pyrenek)fluoranthene 
Dibenzo(a,h)anthracene 
Benzo(g,h,I)perylene 
Indeno(l ,2,3-cd)pyrene 

Final Concentration 
10 Mg/mL 
10 Mg/mL 
10 Mg/mL 
10 Mg/mL 
10 Mg/mL 
10 Mg/mL 
2 Mg/mL 
2Mp/mL 
2 Mg/mL 
2 Mg/mL 
2 Mg/mL 
2 Mg/mL 
2 M.2/mL 
2 Mg/mL 
2 Mg/mL 
2 Mg/mL 
2 Mg/mL 
2 Ug/mL 
2 Mg/mL 

17.5. Eow diagrams 
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17.5.1. Separatory funnel extraction 

Start 

Add surrogates 
to all samples 
standards and 

blanks 

Check and adjust 
pH 

Yes 

Collect and 
combine extracts 

No 

Extract 3 times 

Combine acid 
and base/neutral 

extracts 

Go to 
concentration 
and cleanup 

% 

17.5.2. Continuous liquid/liquid extraction 
^ 
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Start 

# 

1 ' 

Set up extractor 

^ r 

Add methylene 
chloride to 

extractor body 

1 ' 

Add sample to 
extractor body 

1 r 

Add surrogate 
and other spikes 

1 r 

Adjust pH if 
necessary 

Add reagent water 
to push 250mL of 

methylene chloride 
into extractor flask 

Extract for 
appropriate 

number of hours 

Yes- Adjust pH 

Go to 
concentration 
and cleanup 

# 
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17.5.3. Sonication Extraction 

C Start J 

Determine % 
moisture (If 
required) 

Determine pH (If 
required) 

Weigh 30g of 
sample and add 
sodium sulfate 

Add 
Surrogates(and 

spikes if 
required) 

Appropriate 
solvent 

Filter through 
sodium sulfate 

Repeat 
sonication and 
filtration twice 

more 

Go to 
concentration 
and cleanup % 
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17.5.4. Soxhlet extraction 

(^ Start j 

^ 

T 

Determine % 
moisture (if 

required) 

^ r 

Determine pH (if 
required) 

1 r 

Weigh 30g of 
sample and add 
sodium sulfate 

' r 
Place sample/ 
sodium sulfate 

mixture In 
thimble 

' r 

Add surrogates 
and spikes 

Extract for 16-24 
hours with 

appropriate 
solvent 

Filter through 
sodium sulfate 

Go to 
concentration 
and cleanup 
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17.5.5. Concentration and cleanup 

-500 mL 
CHjClj or 

deClj/acetone/ 

Transfer to KD 
and concentrate 

to 1-4 mL 

Perform GPC, 
collect correct 

fraction 

OCP, OPP, PCB 

Yes-
Make up to 

lOmL 
wIthCHjClj 

GC/MS 

Add 50 mL 
hexane for 
exchange 

Adjust to 10 m l 
in hexane for 

analysis 

Concentrate to 
1-4 mL, then 

adjust to 10mL 
with hexane, or 
5mL if GPC was 

performed 

Florisil cleanup 

% 

Transfer to 
nitrogen 

evaporation 

concentrate to final volume for 
analysis: 

GC/MS 1mL 
Pesticides with GPC 5 mL 

V Pesticides with florisil 2 mL y 

Collect eluate 
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^ 

t 

18. SCOPE AND APPLICATION 
This method is applicable to the extraction of chlorinated herbicides in waters, solids, 
oils, and TCLP extracts. Appropriate compounds for extraction by this method are 
listed in CORP-GC-0001, Appendix D, Gas Chromatography of Phenoxy Acid 
Herbicides based on Method 8151 A. 

19. SUMMARY OF METHOD 
This method is based on SW846 method 8151 A. Aqueous samples are hydrolyzed if 
esters and acids are to be determined, then washed with methylene chloride by a 
separatory funnel extraction. After acidifying the sample the free acids are extracted 
into diethyl ether. Solids are extracted into methylene chloride/ acetone by 
sonication. If esters and acids are to be determined, the extract is hydrolyzed and 
extracted into diethyl ether. For both soils and aqueous samples, the free acid 
herbicides in die ether extract are esterified. The final volume is adjusted to prepare 
the extract for gas chromatography. 

20. DEFINITIONS 
Refer to section 3 of die main body of this SOP. 

21. INTERFERENCES 
Refer to section 4 of the main body of this SOP. 

22. SAFETY 

22.1. Refer to section 5 of the main body this SOP for basic safety information. 

22.2. DIAZOMETHANE is an exnemely toxic gas witii an explosion potential. 
Since the explosion potential is catalyzed by imperfections in glass, generation of 
diazomethane must be carried out in glassware free of scratches, cracks, chips 
and which does not have ground glass joints. Solutions of diazomethane will be 
kept at temperatures below 90°C. Diazomethane must be generated and handled 
in a fume hood. 

22.3. Diethyl ether is extremely flammable. It also tends to form peroxides when 
exposed to air. The peroxides can present an explosion hazard, especially when 
the ether is concentrated. 

22.4. Diethyl ether must be free of peroxides as demonstrated by EM (or 
equivalent) Quant test strips. This test can be done every time the ether is used or 
once per week if the bottie is marked with the test date(s). 

22.5. Concentrated potassium hydroxide solution is highly caustic. 
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23. EQUIPMENT AND SUPPLIES 

23.1. Refer to Section 6 of the main body of this SOP for basic extraction 
equipment and supplies. Additional equipment and supplies needed for this 
procedure are listed below. 

23.2. Diazomethane generation apparatus 

24. REAGENTS AND STANDARDS 

24.1. Reagents are listed in Section 7 of the main body of this SOP. Additional 
reagents and standards needed for this procedure are listed below. 

24.2. Reagents 

24.2.1. Potassium hydroxide solution, 37% aqueous solution, (w/v): Dissolve 37 g 
of potassium hydroxide pellets in reagent water and dilute to 100 mL. 
Caution: Considerable heat will be generated. Other volumes of solution 
may be made up as convenient. 

24.2.2. Toluene, reagent grade 

24.2.3. 2-(2-Ethoxyethoxy)ethanol, trade name Carbitol, 98%+purity 

24.2.4. Diazald, 99% purity 

24.2.5. Sodium sulfate, Na2S04, Anhydrous, granular, acidified: Heat sodium 
sulfate in a shallow tray at 400°C for a minimum of 4 hours to remove 
phthalates and other interfering organic substances. In a large beaker, 
acidify by slurrying 500 g sodium sulfate with just enough diethyl ether to 
cover. Add 20 mL of concentrated sulfuric acid and mix thoroughly. Place 
the mixture on a steam bath in a hood to evaporate the ether, or allow the 
ether to evaporate overnight. Larger or smaller batches of acidified sodium 
sulfate may be prepared using the reagents in the same proportions. 

24.2.6. Sodium Chloride, NaCl 

24.2.7.. BF3-Methanol, Boron trifluoride-MeOH, lab use only 

24.2.8. Diethyl ether, reagent grade. 

24.2.9. Methanol, reagent grade. 

% 

% 
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24.2. lO.Silica gel 

24.2.11.2% methanolic KOH, semi-conductor grade 

24.3. Standards 

24.3.1. Surrogate Standard 
See Table A3. 

24.3.2. Matrix Spike and LCS standard 

See Table A4. 

25. SAMPLE COLLECTION PRESERVATION AND STORAGE 

25.1. Sample collection and storage is described in Section 8 of the main body of 
this SOP. 

26. QUALITY CONTROL 

26.1. Refer to Section 9 of the main body of this SOP for Quality control 
procedures. 

27. CALIBRATION AND STANDARDIZATION 
Not applicable 

28. PROCEDURE 

28.1. Preparation of Aqueous Samples 

28.1.1. Weigh the sample bottie and pour approximately 500 ml (100 mL for 

TCLP leachates) into a 1 liter wide-mouth amber jar. Reweigh the 
bottle and record the sample volume on the benchsheet, assuming a 
density of 1.0. Alternatively, measure 500 ml in a graduated cylinder. 
If less than 500 mL was used, reagent water may be added to make 

the volume up to 500 mL. 

Note: Aqueous samples must be determined volumetrically for Ohio VAP 
samples. 

28.1.2. Spike each sample blank, LCS and MS with 1.0 mL of DCAA 
surrogate solution. Spike matrix spikes and LCS with 1 mL of 
herbicide matrix spiking solution. (Refer to tables Al and A2 ) 
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28.1.3. Add 60-80 g of NaCl to the sample and shake to dissolve the salt. 

28.1.4. Hydrolysis 

Use this step only if herbicide esters in addition to herbicide acids are to be 
determined. This is normally the case. If the herbicide esters are not to be 
determined, omit this step and go to 28.1.10. 
Add 3 mL of ION NaOH to the sample, seal and shake. Check the pH of the 
sample with pH paper. If the pH of the sample is not >12 adjust to >12 by adding 
more NaOH. Let the sample sit at room temperature for 2 hours to complete the 
hydrolysis. 

28.1.6. Add 300 mL of methylene chloride to the amber jar. 

28.1.7. Prior to placing samples in tumbler, the samples should be shaken or 
rotated vigorously for 2 minutes, venting as necessary. Place the 
samples in tumbler and allow them to tumble for one (1) hour. Allow 
the organic layer to separate from the aqueous layer. If an emulsion 
layer greater than one third of the solvent layer forms, use mechanical 
techniques to complete the phase separation. Suggested techniques 
are stirring, filtration through glass wool and centrifugation. 

28.1.8. Pour contents of amber jar into a pre-rinsed teflon sep funnel. 

28.1.9. Discard the methylene chloride phase. 

28.1.10. Add 6 mL of cold (4°C) 1:1 sulfuric acid to the sample. Seal, and 
shake to mix. Check the pH of the sample with pH paper. If the pH is 
not < 2, and more acid to adjust the pH to < 2. 

Caution: Addition of acid may cause heat and / or pressure build up. 

28.1.11. Add 100 mL diethyl ether to the sample and extract by shaking or 
rotating vigorously for 10 minutes, venting as necessary. Allow the 
organic layer to separate from the aqueous layer. If an emulsion layer 
greater than one third of the solvent layer forms, use mechanical 
techniques to complete the phase separation. Suggested techniques 
are stirring, filtration through glass wool and centrifugation. 

28.1.12. Drain the aqueous layer into a clean flask or beaker. Collect the ether 
phase in a clean flask or bottie containing approximately lOg of 
acidified anhydrous sodium sulfate. 

28.1.13. Return the aqueous phase to the separatory funnel, add 100 mL 
diethyl ether and repeat the extraction procedure a second time, 
combining the ether extracts. Repeat the extraction a third time with 

• 

• 
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# 

100 mL diethyl ether. Discard the aqueous phase after the third 
extraction. 

28.1.14. Allow the extract to remain in contact with the sodium sulfate for at 
least 2 hours, shaking periodically. (May be left overnight). The 
drying step is critical: if the sodium sulfate solidifies in a cake, add a 
few additional grams of acidified sodium sulfate. The amount of 
sodium sulfate is sufficient if some free flowing crystals are visible 
when the flask or bottie is swirled or shaken. 

28.1.15. Proceed to section 28.5, concentration. 

28.2. Extraction of soil and sediment samples 

28.2.1. Decant and discard any water layer on a sediment/soil sample. 
Record and document if a water layer was discarded on the 
benchsheet. Homogenize the sample by mixing it thoroughly in the 
container. If this is not possible place the sample in clean beaker and 
homogenize. Upon completion of homogenization in beaker return 
sample to original container. Discard foreign objects such as sticks, 
leaves and rocks, unless extraction of this material is required by 
client. If the sample consists primarily of foreign materials consult 
with the client (via the Project Manager or Administrator). 

28.2.2. Weigh 50.0 g of moist solid sample into a clean glass jar. Use 50 g of 
sodium sulfate for the Method Blank and the LCS. Acidify the sample 
with 5 mL of concentrated HCl. 

28.2.3. There should be a small amount of liquid phase. If not, add reagent 
water until there is. Stir well with a spatula. (Note: This is not 
necessary for the method blank or LCS) 

28.2.4. After 15 minutes, stir with a spatula and check the pH of the liquid 
phase. Add more acid if necessary to bring the pH to <2, repeating 
the stirring and standing time after each acid addition. (Note: The pH 
of the method blank and LCS are not determined.) 

28.2.5. Add 60 g of acidified sodium sulfate and mix well. The sample 
should be free flowing. If not, add more sodium sulfate. 

28.2.6. Spike each sample blank, LCS and MS widi 1.0 mL of DCAA 
surrogate solution. Spike matrix spikes and LCS with 1 mL of 
herbicide matrix spiking solution. (Refer to tables Al and A2) 
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28.2.7. Add a minimum of 100 mL of 1:1 methylene chloride:acetone to the 
beaker or 100 mL of methylene chloride for long list (dinoseb). 

28.2.8. Place the bottom surface of the appropriate disrupter hom tip 
approximately Vi inch below the surface of the solvent, but above the 
sediment layer. 

28.2.9. Sonicate for 3 minutes, making sure the entire sample is agitated. 

28.2.10. Loosely plug the stem of a 75 mm x 75 mm glass funnel with glass 
wool and/or line die funnel with filter paper. Add 10-20 g of anhydrous 
sodium sulfate to the funnel cup. 

28.2.11. Place the prepared funnel on a collection apparatus. If the herbicide 
esters are not to be determined, the collection apparatus is a bottie or 
flask containing approximately lOg of anhydrous acidified sodium 
sulfate. If the herbicide esters are to be determined, (normally the case) 
the collection apparatus is glassware suitable for the hydrolysis step, 
typically a KD flask or Turbovap tube. 

28.2.12. Decant and filter extracts through the prepared funnel into the 
collection apparatus. 

28.2.13. Repeat the extraction two more times with additional 100 mL 
minimum portions of the appropriate solvent each time. Decant off 
extraction solvent after each sonication. On the final sonication pour 
the entire sample (sediment and solvent) into the funnel and rinse with 
an additional 10 mL-20 mL of the methylene chloride/acetone. 

Note: Alternatively, the three extracts may be collected together and 
then filtered through the sodium sulfate. 

28.2.14. If the herbicide esters are not to be determined, dry the extract as 
described in 28.4 or go to cleanup, section 28.3. If the herbicide esters 
are to be determined (normally the case) proceed to section 28.2.15 

28.2.15. Add 5 mL of 37% aqueous potassium hydroxide and 30 mL of water 
to the extract. Check the pH with pH paper. If the pH is not >12, 
adjust witii additional KOH. 

28.2.16. Heat on a water batii at 60-65°C for 2 hours. Allow to cool. Higher 
temperatures, up to 90°C, may be used if needed to remove the ether 
layer within 2 hours. 

% 

% 
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# 

# 

28.2.17. Transfer the solution to a separatory funnel and extract three times 
with 100 mL portions of methylene chloride. Discard the methylene 
chloride phase. The aqueous solution contains the herbicides. 

28.2.18. Adjust the pH of the solution to <2 with 1:1 sulfuric acid. 

28.2.19. Extract three times with 60 mL diethyl ether. 

28.2.20. Proceed to section 28.3, Cleanup, if required, or Section 28.4, Extract 
drying. 

28.3. Cleanup 
This cleanup step may be necessary if the procedure for determining the 
herbicide acids only is being followed. (See section 28.2.14) It is not normally 
required if the acids and esters are being determined. (The usual case.) If cleanup 
is not required, proceed to section 28.4, Extract drying. 

28.3.1. Prepare 45 mL of basic extraction fluid by mixing 30 mL of reagent 
water with 15 mL of 37% KOH. Use three 15 mL portions of tiiis 
fluid to partition the exu-act from section 28.2.12 or 28.2.20, using a 
small separatory funnel. Discard the organic phase. 

28.3.2. Adjust the pH of the solution to <2 witii cold (4°C) sulfuric acid. 
(1:1). Extract once with 40 mL diethyl ether and twice with 20 mL 
diethyl ether. 

Caution: Addition of acid may cause heat and / or pressure build up. 

28.4. Extract drying 

28.4.1. Pour the extracts through a funnel containing acidified sodium sulfate 
into a flask or bottie containing approximately 10 g acidified sodium 
sulfate. Rinse the funnel with a littie extra diethyl ether. 

28.4.2. Allow the extract to remain in contact with the sodium sulfate for at 
least 2 hours, shaking periodically. (May be left overnight). The 
drying step is critical: if the sodium sulfate solidifies in a cake, add a 
few additional grams of acidified sodium sulfate. The amount of 
sodium sulfate is sufficient if some free flowing crystals are visible 
when the flask or bottie is swirled or shaken. Proceed to section 28.5, 
concentration. 

28.5. Concentration 
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28.5.1. Transfer the ether extract into a Turbovap concentrator tube or a 500 
mL K-D flask equipped with a 10 mL concentrator tube. Use a 
stirring rod to crush the caked sodium sulfate during transfer. Rinse 
the flask or bottle with 20-30 mL ether to complete transfer. 

28.5.2. Attach a three ball Snyder column to the K-D apparatus, prewet tiie 
column with a few mL of ether from the top, and place the apparatus 
on a water bath at approximately 60°C. At the proper rate of 
distillation, the balls of the column will chatter, but the chambers will 
not flood. When the apparent volume reaches 2 xnL, remove from the 
water bath and allow to completely cool. 

28.5.3. For TCLP extracts only, add 4 mL of toluene to the K-D (buffer reacts 
with diazald solution used in esterification). 

28.5.4. Remove TCLP extracts at approximately 2 mL when boiling slows and 
only toluene is remaining. Cool and cap in CT. 

28.5.5. Carefully disassemble the concentrator tube and rinse the lower glass 
joint with a small amount of diethyl ether. 

28.5.6. The extract is now ready for esterification by the Diazomethane 
Bubbler Method (28.7) or the TCLP esterification by Boron 
Triflouride Method (28.8). 

28.6. Esterification (Bubbler Method) 

28.6.1. Assemble the diazomethane apparatus (see figure below) in a hood. 
Add 25-30 mL of diethyl ether to tube 1. Add 1.5 mL 37% KOH, 1 
mL Carbitol, and 1 mL of ether and 3-4 g of diazald to tube 2. 

28.6.2. Place the tip of the disposable pipette into the vial containing the first 
sample extract. Apply nitrogen flow (approx. 10 mL/min) to bubble 
diazomethane through the sample extract for about 4-5 minutes. 
Replace the disposable pipette and place the tip into the vial 
containing the second extract. Replace Tube 2 solution after second 
extract. 

28.6.3. Allow the extracts to stand for 20 minutes, then add approximately 
0.2 g of silica gel to each extract. Allow to stand for an additional 20 
minutes. 

28.6.4. Adjust the volume to 10 mL with hexane. The sample is now ready for 
gas chromatography. 
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28.6.5. A routine lOX dilution occurs on final extracts for all samples. Due 
to a QuantlMS limitation, the dilution factor field in QuantlMS 
cannot be used when a dilution is routine, because the dilution factor 
is automatically applied to all reference values creating reporting 
problems. For the herbicide analysis, the extract volume will be 
lOmL and an aliquot at lOX dilution will be analyzed. The final 
extract volume recorded on the laboratory bench sheet will be 
recorded as lOOmL to avoid using the dilution factor field in 
QuantlMS. 

28.7. Exterification by Boron trifluoride (TCLP extracts only). 

28.7.1. To the concentrator tube with the extract, add 2 mL of Boron 
trifluoride. Place a two-ball micro-Snyder column on the 
concentrator tube and place in the Hot-Blok water bath adjusted to 
35-40°C for 60 minutes. Remove and let cool for approximately ten 
minutes. 

28.7.2 Witii a 10 mL graduated disposable 5-3/4" pipette 4.5 mL of 5% 
neutral sodium sulfate and place it in the concentrator tube. Seal with 
a tight fitting ground glass stopper. Vortex the mixture for one 
minute. Let stand for ten minutes to settie. With a 5-3/4" disposable 
pipette, withdraw the bottom aqueous layer into a 16 x 100 culture 
tube for proper disposal. 

28.7.3 Prepare a clean up column in a 5-3/4" disposable pipette by placing a 
small amount of glass wool in the narrow end of the pipette and add 
about V2 inch - 1 inch of florisil and sodium sulfate each. Leave 
about a 1 inch gap at the top. Place the extract in the clean-up 
column and gently force it through by using a pipette bulb into a 
small test tube. Care should be taken to avoid channeling. Rinse 
the concentrator tube with 1-2 mL of toluene. Transfer the column 
rinsate into the test tube. Rinse the column with additional toluene. 
There should be approximately 4 mL collected in the test tube. Bring 
the final volume to 10 mL with toluene by visually comparing it to a 
calibrated collection tube. 

Note: It is critical that all toluene is retained and no water should 
enter the column. 

L 
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Nitrogen 

nr^ 
^ 

1^Rubber Stopper-^ 

Tubel 

5 Glass Tubing' 

Collection 

I ; m 
Tube 2 

29. DATA ANALYSIS A N D CALCULATIONS 

Not applicable 

30. METHOD PERFORMANCE 
Refer to CORP-GC-0001 for details of method performance. 

31. POLLUTION PREVENTION 
Refer to section 14 of the main body of this SOP. 

32. WASTE MANAGEMENT 
Refer to section 15 of the main body of this SOP. 
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33.1. SW846, Test Methods for Evaluating Solid Waste, Third Edition, Update m, 
December 1996, Chlorinated Herbicides, Metiiod 8151 A. 

34. MISCELLANEOUS 

34.1. Modifications from Reference Method 

34.1.1. Directions to add sufficient reagent water to the soil sample so that 
the pH can be measured have been added (Section 11.1.2) 

34.1.2. The bubbler esterification method uses methanolic KOH in place of 
the aqueous KOH / carbitol mixture recommended in method 8150B. 
This has been found to provide a more effective and reliable 
esterification. 

# 

# 

34.2. Modifications from previous revisions 
References have been updated 

34.3. Tables 

Table Al 

Herbicide Surrogate Spiking Solutions 

Analyte Group 

Herbicides 

Herbicides 

Surrogate Spike 
Solution ID 

Herbicides Water 

Herbicides Soil 

Volume (mL) 

1.0 

1 
Table A2 

Herbicide Matrix Spike and LCS Solutions 

Analyte Group 

Herbicides 

Herbicides 

Matrix Spike 
Solution ID 

Herbicides MS-Soil 

Herbicides MS-Water 

Volume (mL) 

1.0 

1.0 

Table A3 
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1 Herbicide Surrogate Spike Components [ 

Type 

Herbicides WS 

Herbicides SS 

Compounds' 

2,4-DCAA 

2,4-DCAA 

Solvent 

Acetone 

Acetone 
Methanol 

Cone. 
(ug/mL) 

2 

20 

'The surrogate is spiked as the free acid 

# 

Table A4 

Herbicide Matrix Spike Components | 

Type 

Herbicides MS 

Compounds' 

2,4-D 

2,4-DB 

2,4,5-TP 
(Silvex) 

Dalapon 

Dicamba 

Dichloroprop 

Dinoseb 

2,4,5-T 

Compounds' 
Solvent 

Acetone 

Soil Cone. 
(ug/mL) 
Solvent 

20 
Methanol 

20 

5 

10 

10 

10 

3 

5 

Water 
Cone. 
(ug/mL) 

2 

2 

0.5 

1 

1 

1 

.3 

0.5 

% 

The herbicide spiking solution contains the herbicides as the free acids. 

% 
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Extraction of Aqueous Samples 

# 

# 

f^easure weight or 
volume of sample and 
transfer to a separatory 

funnel 

Add 250 g NaCl 

Hydrolysis: Add 17 mL 
NaOH to sample and 

shake. Check pH > 12. 
Leave for 2 hr. 

Add 60 mL MeC^ and 
shake to extract. 

Discard the MeC^ 

Repeat extraction 
twice more, discarding 

MeCI, 

Add 17 mL 1:1 sulfuric 
acid. Shake and check 

pH is< 2 

Add 120 mL diethyl 
ether and extract by 
shaking. Collect the 

ether phase 

Repeat the extraction 
with 2 x 60 mL diethyl 

ether 

Troceed to drying anc 
concentration 
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Extraction of Soils and Sediments 
V 

Weigh the soil into a 
glass beaker. Acidify 

with HCl 

Add 60g sodium 
sulfate to dry the 

sample 

Yes 

Spike as necessary, 
then add 100 mL 
MeClj/Acetone 

Sonicate for 3 minutes 

-No-

Extract 3 times with 
basic extraction fluid. 
(sec 11.4) Discard the 

organic phase 

Acidify to pH <. 2 and 
extract 3 times with 

diethyl ether. Save the 
ether phase 

Hydrolysis: Add 5 mL 
37% KOH and 30 mL 
water to the extract 

Check that pH is> 12 

Heat to 60-65C for 2 
hours 

Extract 3 times with 
MeCLj. Discard the 

MeCL, 

Adjust the pH to < 2 
with 1:1 sulfuric acid 

Extract once with 40 
mL ether and twice 

with 20 mL ether. Save 
the ether phase 

Proceed to drying anc 
concentration 
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Drying, Concentration and Esterification 

Combine the ether 
extracts from the 
aqueous or soil 

extraction 

Pour through a filter 
funnel into a bottle or 

flask containing sodium 
sulfate. 

# 

Ensure that some 
sodium sulfate remains 
free flowing Leave for 

at least two hours 

Transfer to a KD or 
turbovap Concentrate 

fo 2-5 mL 

Concentrate to 
approximately 1 mL on 
a nitrogen evaporation 

apparatus. 

# 

Add 0.1 mL methanol 

Esterify using the 
bubbler or 

diazomethane solution 
method 

Adjust to final volume 
(10 mL) forGC 

analysis 
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1. SCOPE AND APPLICATION 

1.1 This method is based upon SW846 8270C, and is applicable to the determination of 
the concentration of semivolatile organic comppimds in extracts prepared from solid 
and aqueous matrices. The modifications presented in Attachment A may be 
followed for analysis of wastewater following method 625. Direct injection of a 
sample may be used in limited applications. Refer to Tables 1, 2, 3 and 4 for the list 
of compounds applicable for this method. Note that the compounds are listed in 
approximate retention time order. Additional compounds may be amenable to this 
method. If non-standard analytes are required, they mtist be validated by the 
procedures described in section 13 before sample analysis. 

1.2 The following compounds may require special treatment when being determined by 
this method: 

Benzidine can be subject to oxidative losses dming solvent concentration and 
exhibits poor chromatography. Neutral extraction should be performed if this 
compoimd is expected. 

Hexachlorocyclopentadiene is subject to thermal decomposition in the inlet of the 
gas chromatograph, chemical reaction in acetone solution, and photochemical 
decomposition. 

N-Nitrosodiphenylamine decomposes in the gas chromatographic inlet and caimot 
be distinguished from diphenylamine. 

Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, 4,6-dinitro-2-methylphenol, 
4-chloro-3-methylphenol, benzoic acid, 2-nitroaniline, 3-nitroaniline, 4-
chloroaniline, and benzyl alcohol are subject to erratic chromatographic behavior, 
especially if the GC system is contaminated with high boiling material. 

Hexachlorophene is not amenable to analysis by this method. 

3-Methylphenol caimot be separated from 4-methylphenol by the conditions 
specified in this method. 

m 

m 
01/22/02 
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1.3 The Standard reporting limit (SRL) of this method for determining an individual 
compound is approximately 0.33 mg/kg (wet weight) for soil/sediment samples, 1 -
200 mg/kg for wastes (dependent on matrix and method of preparation), and 10 ug/L 
for groundwater samples. Some compounds have higher reporting limits. Refer to 
Tables 1 and 2 for specific SRLs. Reporting limits will be proportionately higher for 
sample extracts that require dilution. 

1.4 The associated LIMS codes are QL (8270C) and DP (625). 

2 SUMMARY OF METHOD 

^ 

2.1 Aqueous samples are extracted with methylene chloride using a separatory fiinnel, a 
continuous extractor or Accelerated One-Step"™. Solid samples are extracted with 
methylene chloride / acetone using sonication, soxhlet, accelerated soxhlet or 
pressurized fluid extraction. Waste dilution is used for samples that are miscible with 
the solvent. The extract is dried, concentrated to a volvune of 1 mL, and analyzed by 
GC/MS. Extraction procedures are detailed in SOP# CORP-OP-0001. Qualitative 
identification of the parameters in the extract is performed using the retention time 
£uid the relative abundance of characteristic ions. Quantitative analysis is performed 
using the internal standard technique with a single characteristic ion. 

3 DEFINITIONS 

3.1 

3.2 

3.3 

# 
3.4 

CCC (Calibration Check Compounds) - A subset of target compounds used to 
evaluate the calibration stability of the GC/MS system. A maximum percent 
deviation of the CCC's is specified for calibration acceptance. 

SPCC (System Performance Check Compounds) - Target compoimds designated to 
monitor chromatographic performance, sensitivity, and compound instability or 
degradation on active sites. Minimum response factors are specified for acceptable 
performance. 

Batch - The batch is a set of up to 20 samples of the same matrix processed using the 
same procedures and reagents within the same time period. The Quality Control 
batch must contain a matrix spike / spike duplicate (MS/MSD), a Laboratory Control 
Sample (LCS), and a method blank. In some cases, at client request, the MS/MSD 
may be replaced with a matrix spike and sample duplicate. Batches are defined at the 
sample preparation stage. Batches should be kept together through the whole 
analytical process to the extent possible, but it is not mandatory to analyze prepared 
extracts on the same instrument or in the same sequence. Refer to the STL North 
Canton QC Program document (QA-003) for fiirther details of the batch definition. 

Method Blank - An analytical control consisting of all reagents, internal standards and 
surrogate standards, that is carried through the entire analytical procedure. The 

01/22/02 
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method blank is used to define the level of laboratory backgrovmd and reagent 
contamination. 

3.5 LCS (Laboratory Control Sample) - A blank spiked with the parameters of interest 
that is carried through the entire analytical procedure. Analysis of this sample with 
acceptable recoveries of the spiked materials demonstrates that the laboratory 
techniques for this method are acceptable. 

3.6 MS (Matrix Spike)- aliquot of a matrix (water or soil) fortified (spiked) with known 
quantities of specific compounds and subjected to the entire analytical procedure in 
order to indicate the appropriateness of the method for the matrix by measuring 
recovery. 

3.7 MSD (Matrix Spike Duplicate)- a second aliquot of the same sample as the matrix 
spike (above) that is spiked in order to determine the precision of the method. 

4 INTERFERENCES 

4.1 Method interferences may be caused by contaminants in solvents, reagents, glassware, 
and other processing apparatus that lead to discrete artifacts. All of these materials 
must be routinely demonstrated to be free from interferences under conditions of the 
analysis by running laboratory method blanks as described in the Quality Control 
section. Raw GC/MS data from all blanks, samples, and spikes must be evaluated for 
interferences. If an interference is detected it is necessary to determine if the source 
of interference is in the preparation and/or cleanup of the samples; then take 
corrective action to eliminate the problem. 

4.2 The use of high purity reagents, solvents, and gases helps to minimize interference 
problems. 

4.3 Matrix interferences may be caused by contaminants that are coextracted from the 
sample. The extent of matrix interferences will vaiy considerably from source to 
source, depending upon the nature of the sample. 

4.4 Contamination by carryover can occur whenever high-level and low-level samples are 
sequentially analyzed. To reduce carryover, the sample syringe must be rinsed with 
solvent between samples. Whenever an imusually concentrated sample is encoim-
tered, it should be followed by the analysis of solvent to check for cross 
contamination, 

4.5 Phthalate contamination is commonly observed in this analysis and its occurrence 
should be carefully evaltiated as an indicator of a contamination problem in the 
sample preparation step of the analysis. 

5 SAFETY PRECAUTIONS 

01/22/02 
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5.1 Procedures shall be carried out in a manner that protects the health and safety of all 
STL North Canton associates. The following requirements must be met: 

5.1.1 Eye protection that satisfies ANSI Z87,1 (as per the Chemical Hygiene Plan), 
laboratory coat, and appropriate gloves must be worn while samples, standards, 
solvents and reagents are being handled. Disposable gloves that have become 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately, 

5.1.2 The health and safety hazards of many of the chemicals used in this procedure 
have not been fully defined. Additional health and safety information can be 
obtained from the MSDS files maintained in the laboratory. The following 
specific hazards are known: 

5.1.3 Chemicals that have been classified as carcinogens, or potential carcinogens, 
under OSHA include: Benzo(a)anthracene, benzidine, 3,3'-dichlorobenzidine, 
benzo(a)pyrene, dibenzo(a,h)anthracene, and n-nitrosodimethylamine. Primary 
standards should be purchased in solution. If neat materials must be obtained, 
they shall be handled in a hood, 

5.1.4 Exposure to chemicals must be maintained as low as reasonably achievable; 
therefore, unless they are knovm to be non-hazardous, all samples should be 
opened, transferred, and prepared in a fume hood, or under other means of 
mechanical ventilation. Solvent and waste containers should be kept closed 
unless transfers are being made. 

5.1.5 All work must be stopped in the event of a known or potential compromise to the 
health and safety of a STL North Canton associate. The situation must be 
reported immediately to a laboratory supervisor. 

# 

6 EQUIPMENT AND SUPPLIES 

6.1 Gas Chromatograph/Mass Spectrometer System: An analytical system complete with 
a temperature-programmable gas chromatograph suitable for split/splitless injection 
and all required accessories, including syringes, analytical columns, and gases. The 
capillary column should be directly coupled to the source. 

6.2 Column: 30 m x 0.32 mm I.D. (or 0.25 mm I.D.) 0.5-pm film thickness silicon-
coated fiised-silica capillary column (J & W Scientific DB-5.625 or equivalent). 
Alternate columns are acceptable if they provide acceptable performance, 

6.3 Mass Spectrometer: Capable of scanning from 35 to 500 AMU every one second or 
less, using 70 volts (nominal) electron energy in the electron impact ionization mode. 

01/22/02 
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The mass spectrometer must be capable of producing a mass spectrum for 
decafluorotriphenylphosphine (DFTPP) which meets all of the criteria in Table 6 
when 50 ng of the GC/MS timing standard is injected through the GC. 

6.4 GC/MS Interface: Any GC-to-MS interface that gives acceptable calibration points 
and achieves acceptable tuning performance criteria may be used. 

6.5 Data System: A computer system must be interfaced to the mass spectrometer. The 
system must allow the continuous acquisition and storage on machine-readable media 
of all mass spectra obtained throughout the duration of the chromatographic program. 
The computer must have software that can search any GC/MS data file for ions of a 
specific mass and that can plot such ion abundances versus time or scan number. This 
type of plot is defined as the Extracted Ion Current Profile (EICP). Software must 
also be available that allows integrating the abundances in any EICP between 
specified time or scan-number limits. The most recent version of the EPA/NIH Mass 
Spectral Library is recommended, 

6.6 Syringe: 10 jiL Hamilton Laboratory grade syringes or equivalent. 

6.7 Carrier gas: Ultra high purity helium. 

7 REAGENTS AND STANDARDS 

7.1 A minimum five point calibration curve is prepared. The low point should be at or 
below the reporting limit. Refer to Tables 12 and 13 for typical calibration levels for 
all analytes. Other calibration levels may be used, depending on instrument 
capability, but the low standard must support the reporting limit and the high standard 
defines the range of the calibration. 

7.2 An Internal Standard solution is prepared. Compounds in the I.S. Mix are: 
acenaphthene-dlO, chrysene-dl2,1,4-dichlorobenzene-d4, naphthalene-d8, perylene-
d 12, and phenanthrene-d 10. 

7.2.1 Internal Standards are added to all standards and extracts to result in 8 ng or 40ng 
injected onto the column. For example, if the volume of an extract used was 200 
^L, 20 \iL of a 400 |ig/inL internal standard solution would be added for a 1 |iL 
injection. 

7,3 

7.4 

Surrogate Standard Spiking Solution: Prepare as indicated in the preparative 
methods. See appropriate preparation SOP, Surrogate compounds and levels 
listed in Table 11. 

are 

GC/MS Tuning Standard: A methylene chloride solution containing 10 pg/mL or 50 
\igfmL of decafluorotriphenylphosphine (DFTPP) is prepared. Pentachlorophenol, 

• 

% 

« 
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benzidine, and DDT, should also be included in the Tuning Standard at 10 jig/mL or 
50 pg/mL. 

7.5 Laboratory Control Spiking Solution: Prepare as indicated in the preparative methods. 
See appropriate preparation SOP. LCS compounds and levels are listed in Tables 9 
and 10. 

7.6 Matrix Spike Solution: Prepare as indicated in the preparative methods. See 
preparation SOP. TTie matrix spike compounds and levels are the same as the LCS 
compounds. 

7.7 The standards listed in 7.1 to 7.6 should be refrigerated at < 6°C when not in use. 
Refrigeration at -lO^C to -20°C may be used if it can be demonstrated that analytes do 
not fall out of solution at this temperature. The standards must be replaced at least 
once a year. The continuing calibration standard must be replaced every week euid is 
stored at < 6°C, 

8 SAMPLE PRESERVATION AND STORAGE 

0 

0 

8.1 Reference appropriate facility SOP for sample bottle preservation and storage. 

8.2 Samples are stored at 4 + 2°C. Samples and extracts should be stored in suitable glass 
containers with Teflon lined caps, (Extracts will normally be stored for 30 days after 
invoicing,) 

8.3 Water samples are extracted within seven days of sampling and the extracts are 
analyzed wdthin forty days of extraction. Solids, sludges, and organic liquids are ex
tracted within fourteen days of sampling and the extracts are analyzed v/ithin forty 
days of extraction. 

9 QUALITY CONTROL 

9.1 Initial Demonstration of Capability 

9.1.1 For the standard analyte list, the initial demonstration and method detection limit 
(MDL) studies described in section 13 must be acceptable before analysis of 
samples may begin. Refer to the flow chart in section 17.4.1. 

9.1.2 For non-standard analytes an MDL study should be performed and calibration 
curve generated before analyzing any samples, unless lesser requirements are 
previously agreed to with the client. In any event, the minimum initial 
demonstration required is analysis of an extracted standard at the reporting limit 
and a single point calibration. 

01/22/02 
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9.2 Control Limits 

In-house historical control limits must be determined for siurogates, matrix spikes, 
and laboratory control samples (LCS). These limits must be determined at legist 
annually. The recovery limits are mean recovery +/- 3 standard deviations for 
surrogates, MS and LCS Precision limits for matrix spikes / matrix spike duplicates 
are mean relative percent difference +/- 3 standard deviations. 

9.2.1 These limits do not apply to dilutions (except for tests without a separate 
extraction), but surrogate and matrix spike recoveries will be reported unless the 
dilution is more than 5X. 

9.2.2 All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into 
QuantlMS (when available) or other database so that accurate historical control 
limits can be generated. For tests v̂ dthout a separate extraction, surrogates and 
matrix spikes will be reported for all dilutions. 

9.2.3 Refer to the QC program document (QA-003) for further details of control limits. 

9.3 Method Blank 

A method blank is prepared and analyzed with each batch of samples. The method 
blank consists of reagent water for aqueous samples, and sodium sulfate for soil 
samples (Refer to SOP No. CORP-OP-0001 for details). Surrogates are added and 
the method blank is carried through the entire analytical procedure. The method 
blank must not contain any analyte of interest at or above the reporting limit (except 
common laboratory contaminants, see below) or at or above 5% of the measured 
concentration of that analyte in the associated samples, whichever is higher. 

• If the analyte is a common laboratory contaminant (phthalate esters), the data may 
be reported wath qualifiers if the concentration of the analyte is less than five 
times the RL, Such action must be taken in consultation with the client 

• Reanalysis of any samples with reportable concentrations of analytes found in the 
method blank is required unless other actions are agreed with the client. 

• If there is no target analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such action 
should be taken in consultation with the client. 

9.3.1 The method blank must have acceptable surrogate recoveries. If surrogate 
recoveries are not acceptable, the data must be evaluated to determine if the 
method blank has served the purpose of demonstrating that the analysis is free of 
contamination. If surrogate recoveries are low and there are reportable analytes in 

• 

% 
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the associated samples, re-extraction of the blank and affected samples will 
normally be required. Consultation with the client should take place. 

9.3.2 If reanalysis of the batch is not possible due to limited sample volume or other 
constraints, the method blank is reported, all associated samples are flagged v^th a 
"B", and appropriate comments may be made in a narrative to provide further 
documentation. 

9.3.3 Refer to the STL North Canton QC Program document (QA-003) for fiirther 
details of the corrective actions. 

0 

0 

9.3.4 Sample results are NOT blank subtracted unless specific requests and 
arrangements have been made with a client or agency. 

9.4 Instrument Blank 

9,4.1 Instruments must be evaluated for contamination during each 12 hour analytical 
run. Thismay be accomplished by analysis of a method blank. If a method blank 
is not available, an instrument blank must be analyzed. An instrument blank 
consists of methylene chloride with the internal standards added. It is evaluated in 
the same way as the method blank. 

9.5 Laboratory Control Sample (LCS) 

9.5.1 A laboratory control sample (LCS) is prepared and analyzed v âth every batch of 
samples. All analytes must be within established control limits. The LCS is 
spiked with the compounds listed in Tables 9 and 10 unless specified by a client 
or agency. 

9.5.2 If any analyte in the LCS is outside the laboratory established historical control 
limits, corrective action must occur. Corrective action may include re-extraction 
and reanalysis of the batch. 

• If the batch is not re-extracted and reanalyzed, the reasons for accepting the 
batch must be clearly presented in the project records and the report. (An 
example of acceptable reasons for not reanalyzing might be that the matrix 
spike and matrix spike duplicate are acceptable, and sample surrogate 
recoveries are good, demonstrating that the problem was confined to the LCS). 

• If re-extraction and reanalysis of the batch is not possible due to limited 
sample volume or other constraints, the LCS is reported, all associated 
samples are flagged, and appropriate comments are made in a narrative to 
provide further documentation. 
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9.5.3 Ongoing monitoring of the LCS provides evidence that the laboratory is 
performing the method within accepted QC guidelines for accuracy and precision. 

% 

9.6 Matrix Spike/Matrix Spike Duplicate (MS/MSD) 

A matrix spike/matrix spike duplicate (MS/MSD) is prepared and analyzed with every 
batch of samples. The MS/MSD is spiked v '̂th the same subset of analytes as the 
LCS (See Tables 9 and 10), Compare the percent recovery and relative percent 
difference (RPD) to that in the laboratory specific historically generated limits. 

• If any individual recovery or RPD falls outside the acceptable range, corrective 
action must occur. The initial corrective action will be to check the recovery of 
that analyte in the Laboratory Control Sample (LCS). Generally, if the recovery 
of the analyte in the LCS is v̂ dthin limits, then the laboratory operation is in 
control and analysis may proceed. The reasons for accepting the batch must be 
documented. 

• If the recovery for any component is outside QC limits for both the Matrix spike / 
spike duplicate and the LCS, the laboratory is out of control and corrective action 
must be taken. Corrective action will normally include repreparation and 
reanalysis of the batch. 

• If a MS/MSD is not possible due to limited sample, then a LCS duplicate should 
be analyzed. RPD of the LCS and LCSD are compared to the matrix spike limits. 

• 

• The matrix spike / duplicate must be analyzed at the same dilution as the unspiked 
sample, even if the matrix spike compounds will be diluted out. 

9.7 Surrogates 

9.7.1 Every sample, blank, and QC sample is spiked with surrogate standards. 
Surrogate spike recoveries must be evaluated by determining whether the 
concentration (measured as percent recovery) falls within the required recovery 
limits. The compounds routinely included in the surrogate spiking solution, along 
with recommended standard concentrations, are listed in Table 11. 

9.7.2 If any surrogates are outside limits the following corrective actions must take 
place (except for dilutions): 

Check all calculations for error. 

• Ensure that instrument performance is acceptable. 
% 

01/22/02 



GC/MS ANALYSIS BASED ON METHOD 8270C 

0 
SOP No: CORP-MS-OOOINC 
Revision No: 2.4 
Revision Date: 05/29/01 
Page 13 of 57 

Recalculate the data and/or reanalyze the extract if either of the above checks 
reveal a problem. 

f̂ 

• Re-extract and reanalyze the sample or flag the data as "Estimated 
Concentration" if neither of the above resolves the problem. 

The decision to reanalyze or flag the data should be made in consultation with the 
client. It is only necessary to reprepare / reanalyze a sample once to demonstrate 
that poor surrogate recovery is due to matrix effect, unless the analyst believes 
that the repeated out of control results are not due to matrix effect. 

Note: If all associated QC meets criteria (blank, LCS/LCSD), up to one surrogate 
per fraction may be outside of acceptance criteria , as long as the recovery is 
greater than 10%. 

9.7.3 If the sample with surrogate recoveries outside the recovery limits was a sample 
used for an MS/MSD and the surrogate recoveries in the MS/MSD are also 
outside of the control limits, then the sample, the MS, and the MSD do not require 
reanalysis as this phenomenon would indicate a possible matrix problem. 

9.7.4 If the sample is reanalyzed and the surrogate recoveries in the reanalysis are 
acceptable, then the problem was within the analyst's control and only the 
reanalyzed data should be reported. (Unless the reanalysis was outside holding 
times, in which case reporting both sets of results may be appropriate.) 

9.7.5 If the reanalysis does confirm the original results, the original analysis is reported 
and the data flagged as estimated due to matrix effect. 

9.8 Nonconformance and Corrective Action 

9.8.1 Any deviations from QC procedures must be documented as a nonconformance, 
with applicable cause and corrective action approved by the facility QA Manager. 

# 

9.9 Quality Assurance Summaries 

Certain clients may require specific project or program QC which may supersede 
these method requirements. Quality Assurance Summaries should be developed to 
address these requirements. 

9.10 STL North Canton QC Program 

Further details of QC and corrective action guidelines are presented in the STL North 
Canton QC Program document (QA-003). Refer to this document if in doubt 
regarding corrective actions. 
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10 CALIBRATION AND STANDARDIZATION 

10.1 Summary 

10.1.1 The instrument is tuned for DFTPP, calibrated initially with a five-point 
calibration curve, and verified each 12-hour shift with one or more continuing 
calibration standard(s). Recommended instrument conditions are listed in Table 
5, 

10.2 All standards and extracts are allowed to warm to room temperature before injecting. 

10.3 Instrument Tuning 

At the beginning of every twelve hour shift when analyses are to be performed, the 
GC/MS system must be checked to see if acceptable performance criteria (Table 6) is 
achieved for DFTPP (decafluorotriphenylphosphine). 

10.3.1 Inject 10 ng or 50 ng of the GC/MS tuning standard (Section 7.4) into the GC/MS 
system. Obtain a background-corrected mass spectra of DFTPP and confirm that 
all the key m/z criteria in Table 6 are achieved. If all the criteria are not achieved, 
the analyst must retune the mass spectrometer and repeat the test until all criteria 
are achieved. The performance criteria must be achieved before any samples, 
blanks, or standards are analyzed. 

10.3.2 The GC/MS tuning standard should also be used to evaluate the inertness of the 
chromatographic system. Benzidine and pentachlorophenol should not exhibit 
excessive tailing. If DDT is an analyte of interest, it must be included in the 
tuning standard, and its breakdown must be < 20%, Refer to section 12 for the 
appropriate calculations. 

10.4 Initial Calibration 

10.4.1 Internal Standard Calibration Procedure: Internal standards are listed in Table 7. 
Use the base peak m/z as the primary m/z for quantitation of the standards. If 
interferences are noted, use one of the next two most intense masses for 
quantitation. 

10.4.2 Compounds should be assigned to the IS with the closest retention time. 

10.4.3 Prepare calibration standards at a minimum of five concentration levels for each 
parameter of interest. Six standards must be used for a quadratic least squares 
calibration. Quadratic fit may NOT be used for samples analyzed under South 
Carolina Certification. It may also be useful to analyze six calibration levels and 
use the lower five for most analytes and the upper five for analytes that have poor 

• 

• 
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f̂ 

response. Add the internal standard mixture to result in 8 ng or 40 ng on column. 
The concentrations of all analytes are listed in tables 12 and 13. 

10.4.4 Analyze each calibration standard and tabulate the area of the primary charac
teristic m/z against concentration for each compound and internal standard. 
Calculate response factors (RF), average response factors, and the percent RSD of 
the response factors for each compound using the equations in section 12 and 
verify that the CCC and SPCC criteria in section 10.4.5 and 10.4.6 are met. No 
sample analysis may be performed unless these criteria are met. 

10.4.5 System Performance Check Compounds (SPCCs): The minimum average RF for 
semivolatile SPCCs is 0.050. If the minimum response factors are not met, the 
system must be evaluated and corrective action must be taken before sample 
analysis begins. Some possible problems are standard mixture degradation, 
injection port inlet contamination, contamination at the front end of the analytical 
column, and active sites in the colurrm or chromatographic system. This check 
must be met before analysis begins, 
SPCC Compounds: 

N-nitroso-di-n-propylamine 
Hexachlorocyclopentadiene 
2,4-Dinitrophenol 
4-Nitrophenol 

10.4.6 Calibration Check Compounds (CCCs): The %RSD of the response factors for 
each CCC in the initial calibration must be less than 30% for the initial calibration 
to be considered valid. This criterion must be met before sample analysis begins. 
Problems similar to those listed under SPCCs could affect this criterion. 

10.4.6.1 If none of the CCCs are required analytes, project specific calibration 
specifications must be agreed with the client. 

10.4.6.2 CCC Compounds: 

# 

Phenol 
Acenaphthene 
1,4-Dichlorobenzene 
N-nitrosodiphenylamine 
2-Nitrophenol 
Pentachlorophenol 
2,4-Dichlorophenol 
Fluoranthene 
Hexachlorobutadiene 
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Di-n-octylphthalate 
4-Chloro-3-methylphenol 
Benzo(a)pyrene 
2,4,6-Trichlorophenol 

10,4.7 If the average of all %RSDs in the initial calibration is < 15%, then all analytes 
may use average response factor for calibration. 

m 

10.4.7.1 If the software in use is capable of routinely reporting curve coefficients 
for data validation purposes, and the necessary calibration reports can be 
generated, then the analyst should evaluate analytes with %RSD > 15% for 
calibration on a curve. If it appears that substantially better accuracy 
would be obtained using quantitation from a curve then the appropriate 
curve should be used for quantitation. 

10.4.7.2 If the average of all the %RSDs in the initial calibration is > 15%, then 
calibration on a curve must be used for those analytes with %RSD > 15%. 
Linear or quadratic curve fits may be used. Linear curve fits only may be 
used for South Carolina Certification. The analyst should consider 
instrument maintenance to improve the linearity of response. Use of 
1/Concentration^ weighting is recommended to improve the accuracy of 
quantitation at the low end of the curve. If Relative Standard Error (RSE) 
is used to evaluate the curve it must be better than 15%. If the % RSD is 
>15%, the analyst may drop the low or high points in the ICAL, as long as 
a minimum of 5 points are maintained and the quantitation range is 
adjusted accordingly. If the % RSD is still >15%, a quadratic or linear 
curve may be used. The correlation coefficient (r) must be ^ 0.990. If the 
correlation coefficient is < 0.990, then any hits for these compounds must 
be flagged as estimated. 

• 

10.4.8 Weighting of data points 

In a linear or quadratic calibration fit, the points at the lower end of the calibration 
curve have less weight in determining the curve generated than points at the high 
concentration end of the curve. For South Carolina Certification, only a linear 
calibration fit, the points at the lower end of the calibration curve have less weight 
in determining the curve generated than points at the high concentration end of the 
curve. However, in environmental analysis, accuracy at the low end of the curve 
is very important. For this reason it is preferable to increase the weighting of the 
lower concentration points. 1/Concentration^ weighting (often called 1/X 
weighting) wall improve accuracy at the low end of the curve and should be used 
if the data system has this capability. 

10.4.9 If time remains in the 12 hour period initiated by the DFTPP injection before the % 
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initial calibration, samples may be analyzed. Otherwise, proceed to continuing 
calibration. 

0 

0 

10.4.10 Quantitation is performed using the calibration curve or average response 
factor form the initial curve, not the continuing calibration. 

10.5 Continuing Calibration 

10.5.1 At the start of each 12-hour period, the GC/MS tuning standard must be analyzed. 
A 10 ng or 50 ng injection of DFTPP must result in a mass spectrum for DFTPP 
which meets the criteria given in Table 6. 

10.5.2 Following a successful DFTPP analysis the continuing calibration standard(s) are 
analyzed. The standards must contain all semivolatile analytes, including all 
required surrogates. A mid level calibration standard is used for the continuing 
calibration. 

10.5.3 The following criteria must be met for the continuing calibration to be acceptable: 

• The SPCC compounds must have a response factor of > 0.05. 

• The percent difference or drift of the CCC compounds from the initial 
calibration must be < 20%. (see section 12 for calculations) In addition, the 
percent difference or drift of all analytes must be < 50%, with allowance being 
made for up to six target compounds to have percent drift greater than 50%. 

• The internal standard response must be within 50-200% of the response in the 
mid level of the initial calibration. 

• The internal standard retention times must be within 30 seconds of the retention 
times in the mid-level of the initial calibration. 

• NOTE: There is no internal standard criteria for samples. Criteria is only for 
continuing and initial calibrations. 

• NOTE: Ohio VAP rules require that any sample with internal standard outliers 
be reanalyzed. 

10.5.3.1 If none of the CCCs are required analytes, project specific calibration 
specifications must be agreed with the client. 

10.5.4 Once the above criteria have been met, sample analysis may begin. Initial 
calibration average RFs (or the calibration curve) will be used for sample 
quantitation, not the continuing calibration RFs. Analysis may proceed until 12 
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hours from the injection of the DFTPP have passed. (A sample injected less than 
12 hours after the DFTPP is acceptable.) 

NOTE: Additional compound analysis outside the TCL (Target Compound List) 
have no calibration criteria. 

11 PROCEDURE 

11.1 S ample Preparation 

Samples are prepared following SOP CORP-OP-0001. 

11.2 Sample Analysis Procedure 

11.2.1 Calibrate the instrument as described in section 10. Depending on the target 
compounds required by the client, it may be necessary to use more than one 
calibration standard. 

11.2.2 All samples must be analyzed using the same instrument conditions as the 
preceeding continuing calibration standard. 

11.2.3 Add internal standard to the extract to result in 40 ng injected on column (for 
example, 8 pL or 50 pL internal standard solution in 0.5 mL of extract for a 1 pL 
injection). Mix thoroughly before injection into the instrument. 

11.2.4 Inject the sample extract into the GC/MS system using the same injection 
technique as used for the standards. 

11.2.5 The data system will determine the concentration of each analyte in the extract 
using calculations equivalent to those in section 12. Quantitation is based on the 
initial calibration, not the continuing calibration. 

11.2.6 Identified compounds are reviewed for proper integration. Manual integrations 
are performed if necessary and are documented by the analyst or automatically by 
the data system, 

11.2.7 Target compounds identified by the data system are evaluated using the criteria 
listed in section 12,1, 

11.2.8 Library searches of peaks present in the chromatogram that are not target 
compounds (Tentatively Identified Compounds, TIC) may be performed if 
required by the client. They are evaluated using the criteria in section 12.3. 

« 

% 
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11.3 Dilutions 

If the response for any compound exceeds the working range of the GC/MS system, a 
dilution of the extract is prepared and analyzed. An appropriate dilution should be in 
the upper half of the calibration range. Samples may be screened to determine the 
appropriate dilution for the initial run. If the initial diluted run has no hits or hits 
below 20% of the calibration range and the matrix allows for analysis at a lesser 
dilution, the sample must be reanalyzed at a dilution targeted to bring the largest hit 
above 50% of the calibration range. 

11.3.1 Guidance for Dilutions Due to Matrix 

If the sample is initially run at a dilution and the baseline rise is less than the 
height of the internal standards, or if individual non-target peaks are less than two 
times the height of the intemal standards, the sample should be reanalyzed at a 
more concentrated dilution. This requirement is approximate and subject to 
analyst judgement. For example, samples containing organic acids may need to 
be analyzed at a higher dilution to avoid destroying the column. 

11.3.2 Reporting Dilutions 

The most concentrated dilution with no target compounds above the calibration 
range will be reported. Other dilutions wall only be reported at client request. 

11.4 Perform all qualitative and quantitative measurements. When the extracts are not 
being used for analyses, refrigerate them at 4 + 2*'C, protected from light in screw cap 
vials equipped with unpierced Teflon lined septa. 

11.5 Retention time criteria for samples 

If the retention time for any intemal standard changes by more than 0,5 minutes from 
the last continuing calibration standard, the chromatographic system must be 
inspected for malfimctions and corrected. Reanalysis of samples analyzed while the 
system was malfunctioning is required. 

11.5.1 If the retention time of any intemal standard in any sample varies by more than 0.1 
minute from the preceding continuing calibration standard, the data must be 
carefully evaluated to ensure that no analytes have shifted outside their retention 
time wdndows. 

11.6 Percent Moisture 

Analytical results may be reported as dry or wet weight, as required by the client. 
Percent moisture must be determined if results wdll be reported as dry weight. Refer 
to the facility specific SOP for determination of percent moisture. 
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11.7 Procedural Variations 

11.7.1 One-time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in 
procedure shall be completely documented using a Nonconformance Memo and 
approved by a Technical Specialist and QA Manager. If contractually required, 
the client shall be notified. The Nonconformance Memo shall be filed in the 
project file. Any unauthorized deviations from this procedure must also be 
documented as a non-conformance, with a cause and corrective action described. 

11.8 Troubleshooting Guide 

11.8.1 Daily Instrument Maintenance 

In addition to the checks listed in the instrument maintenance schedule in the STL 
North Canton Quality Assurance Manual (LQM), current version, the following 
daily maintenance should be performed. 

• Clip Colunm as necessary. 

• Install new or cleaned injection port liner as necessary. 

• Install new septum as necessary. 

• Perform mass calibration as necessary. 

11.8.2 Major Maintenance 

A new initial calibration is necessary follov/ing major maintenance. Major 
maintenance includes changing the column, cleaning the ion volume or 
repeller, cleaning the source, and replacing the multiplier. Refer to the 
manufacturer's manual for specific guidance. 

12 DATA ANALYSIS AND CALCULATIONS 

12.1 Qualitative identification 

An analyte is identified by retention time and by comparison of the sample mass 
spectrum with the mass spectrum of a standard of the suspected compound (standard 
reference spectrum). Mass spectra for standard reference may be obtained on the 
user's GC/MS by analysis of the calibration standards or from the NBS library. Two 
criteria must be satisfied to verify identification: (1) elution of sample component at 

m 

% 

% 
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0 

the same GC retention time as the standard component; and (2) correspondence of the 
sample component and the standard component characteristic ions. (Note: Care must 
be taken to ensure that spectral distortion due to co-elution is evaluated.) 

• The sample component retention time must compare to within ± 0,2 min. of 
the retention time of the standard component. For reference, the standard 
must be run within the same twelve hours as the sample. 

• All ions present in the standard mass spectra at a relative intensity greater than 
10% (most abundant ion in the spectnmi equals 100%) should be present in 
the sample spectrum. 

• The characteristic ions of a compound must maximize in the same scan or 
within one scan of each other. 

• The relative intensities of ions should agree to within ±30% between the 
standard and sample spectra. (Example: For an ion with an abundance of 
50% in the standard spectra, the corresponding sample abundance must be be
tween 20% and 80%.) 

12.1.1 If a compound cannot be verified by all the above criteria, but in the technical 
judgment of the analyst the identification is correct, the analyst shall report that 
identification and proceed with quantitation. 

12.2 Mass chromatogram searches. 

Certain compounds are unstable in the calibration standard and cannot be calibrated in 
the normal way. In particular, the compound hexachlorophene (CAS 70-30-4) falls 
into this category, and is required for Appendix IX analysis. For this analyte a mass 
chromatogram search is made. 

12.2.1 Hexachlorophene 

Display the mass chromatograms for mass 196 and mass 198 for the region of the 
chromatogram from at least 2 minutes before chrysene-dl2 to at least 4 minutes 
after chrysene-dl2. If peaks for both ions coincide then the analyst evaluates the 
spectrum for the presence of hexachlorophene. No quantitation is possible. 

12.3 For samples containing components not associated with the calibration standards, a 
library search may be made for the purpose of tentative identification. The necessity 
to perform this type of identification will be determined by the type of analyses being 
conducted. Computer generated library search routines should not use normalization 
routines that would misrepresent the library or unknown spectra when compared to 
each other. Only after visual comparison of sample spectra with the nearest library 
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searches shall the mass spectral interpretation specialist assign a tentative 
identification. Guidelines for making tentative identification are: 

• Relative intensities of major ions in the reference spectrum (ions >10% of the 
most abundant ion) should be present in the sample spectrum. 

• The relative intensities of the major ions should agree within ±20%. (Example: 
For an ion with an abundance of 50% in the standard spectrum, the corresponding 
sample ion abundance should be between 30%and 70%.) 

• Molecular ions present in the reference spectrum should be present in the sample 
spectrum. 

• Ions present in the sample spectrum, but not in the reference spectrum, should be 
reviewed for possible background contamination or presence of coeluting com
pounds. 

• Ions present in the reference spectrum, but not in the sample spectrum, should be 
reviewed for possible subtraction from the sample spectrum because of back
ground contamination or coeluting peaks. Data system library reduction programs 
can sometimes create these discrepancies. 

• Automatic background subtraction can severely distort spectra from samples with 
unresolved hydrocarbons. 

12,4 Anyone evaluating data is trained to know how to handle isomers with identical mass 
spectra and close elution times. These include: 

Dichlorobenzenes 
Methylphenols 

Trichlorophenols 
Phenanthrene, anthracene 

Fluoranthene, pyrene 
Benzo(b) and (k)fluoranthene 
Chiysene, benzo(a)anthracene 

Extra precautions concerning these compounds are to more closely scrutinize 
retention time vs. the calibration standard and also to check that all isomers have 
distinct retention times. 

A second category of problem compounds would be the poor responders or 
compounds that chromatograph poorly. Included in this category would be: 

Benzoic acid 
Chloroanilines 

01/22/02 
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Nitroanilines 
2,4-Dinitrophenol 

4-Nitrophenol 
Pentachlorophenol 

3,3'-Dichlorobenzidine 
Benzyl alcohol 

4,6-Dinitro-2-methylphenol 

Manually checking the integrations would be appropriate for these compounds. 

12.5 Calculations 

12.5,1 Percent Relative Standard Deviation for Initial Calibration 

cn 
V^RSD = ^ x \ 0 0 

RF 

RF = Mean of RFs from intial caibration for a compound 
SD = Standard deviation of RFs from initial calibration for a compound. 

_ \«(m-RF) 

0 

RFi = RF for each of the calibration levels 
N = Number of RF values 

12.5.2 Continuing calibration percent drift 

n / T^ . / - CaCIUal — C f o t m d . n ^ ^ n , 

% Drift = — X 100% 
Cactual 

Carnal = Known concentration in standard 

Cfound = Measured concentration using selected quantitation method 

12.5.3 Concentration in the extract 

The concentration of each identified analyte and surrogate in the extract is 
calculated from the linear or quadratic curve fitted to the initial calibration points, 
or from the average RF of the initial calibration. For South Carolina Certification 
the concentration of each identified analyte and surrogate in the extract is 
calculated from the linear curve only fitted to the initial calibration points, or from 
the average RF of the initial calibration. 
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12.5.3.1 Average response factor 

If the average of all the %RSDs of the response factors in the initial 
calibration is < 15%, the average response factor from the initial calibration 
may be used for quantitation. 

_ RxCis 
C a = = 

RisRF 

12.5.3.2 Linear fit (Use only Linear fit for South Carolina Certification) 

XR^C.) 
Ccx = A + B-

RL 

Cex- Concentration in extract, pg/mL 

Rx= Response for analyte 

/?,5= Response for intemal standard 

Cis= Concentration of intemal standard 

A= Intercept 

B= Slope 

12.5.3.3 Quadratic fit 

m 

= A-^B[^^ -^ ({^^^ 

C= Curvature 

% 
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12.5.4 The concentration in the sample is then calculated. 

12.5.4.1 Aqueous Calculation 

CexV, 
Concentration, //g / L = 

Where: 

0 

Vt = Volume of total extract, pL, taking into account dilutions 
(i.e., a 1-to-lO dilution of a 1 mL extract will mean Vt = 10,000 
pL. If half of the base/neutral extract and half of the acid 
extract are combined, Vt = 2,000.) 

Fo= Volume of water extracted (mL) 

12.5,5 Sediment/Soil, Sludge (on a dry-weight basis) and Waste (normally on a wet-
weight basis: 

CexV, 
Concentration, ug / kg = 

^^ ^ W.D 
Ws = Weight of sample extracted or diluted in grams 

Z) = (100 - % moisture in sample)/l 00, for a dry weight basis or 
1 for a wet weight basis 

12.6 MS/MSD percent recovery calculation. 

Matrix Spike Recovery = x 100% 

SA 

SsR = Spike sample result 

S1R=Sample result 

iS"̂  = Spike added 

0 
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12.7 Relative % Difference calculation for the MS/MSD 

RPD= MS.-MSD. ^^^^ 
\ I 2 ( ,MSR^MSDR) 

RPD = Relative percent difference 

MSR = Matrix spike result 

MSDR = Matrix spike duplicate result 

12.8 Relative response factor calculation. 

AxCis 
RF = 

AisCi 

Ax=ATea of the characteristic ion for the compound being 
measured 

Ais=Aiiea of the characteristic ion for the specific intemal 
standard 

Cx=Concentration of the compound being measured (pg/L) 

Cis =Concentration of the specific intemal standard (ug/L) 

12.9 Calculation of TICs: The calculation of TICs (tentatively identified compounds) is 
identical to the above calculations with the follov/ing exceptions: 

Ax=Area of the total ion chromatogram for the compound 
being measured 

Ais=Area of the total ion chromatogram for the nearest intemal 
standard without interference 

RF=1 

12.10 Percent DDT breakdowoi 

% DDT breakdown = 
DDEarea + DDDarea 

DDTarea + DDEarea + DDarea 

The total ion current areas are used for this calculation 

% 

% 

% 
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13 METHOD PERFORMANCE 

13.1 Method Detection Limit 

Each laboratory must generate a valid method detection limit for each analyte of 
interest. The MDL must be below the reporting limit for each analyte. The procedure 
for determination of the method detection limit is given in 40 CFR Part 136, 
Appendix B, and fiirther defined in QA Policy #: QA-005. 

13.2 Initial Demonstration 

Each laboratory must make an initial demonstration of capability for each individual 
method. Demonstration of capability for both soil and water matrices is required. 
This requires analysis of QC check samples containing all of the standard analytes for 
the method. For some tests it may be necessary to use more than one QC check mix 
to cover all analytes of interest. 

13.2.1 Four aliquots of the QC check sample are analyzed using the same procedures 
used to analyze samples, including sample preparation. The concentration of the 
QC check sample should be equivalent to the level 4 calibration standard. 

13.2.2 Calculate the average recovery and standard deviation of the recovery for each 
analyte of interest. Compare these results with the acceptance criteria given in 
table 14. 

13.2.3 If any analyte does not meet the acceptance criteria the test must be repeated. 
Only those analytes that did not meet criteria in the first test need to be evaluated. 
Repeated failure for any analyte indicates the need for the laboratory to evaluate 
the analytical procedure and take corrective action. 

13.3 Non-standard analytes 

For non-standard analytes, an MDL study must be performed and calibration curve 
generated before analyzing any samples, unless lesser requirements are previously 
agreed to with the client. In any event, the minimum initial demonstration required is 
analysis of an extracted standard at the reporting limit and a single point calibration., 

13.4 Training Qualification 

The group/team leader has the responsibility to ensure that this procedure is 
performed by an analyst who has been properly trained in its use and has the required 
experience. 
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13.5 Data Quality Objectives (DQO). Refer to project-specific Quality Assurance plans 
for DQO information. 

14 POLLUTION PREVENTION 

14.1 This section is not applicable to this procedure. 

15 WASTE MANAGEMENT 

15.1 Waste generated during aliquotting and from used vials must be disposed of in 
accordance with the facility hazardous waste procedures. The Health and Safety 
Director should be contacted if additional information is required. 

16 REFERENCES 

16.1 SW846, Test Methods for Evaluating Solid Waste, Third Edition, Update II, October 
1994, Semivolatile Organic Compoimds by Gas Chromatography/Mass Spectrometry 
(GC/MS): Capillaiy Column Technique, Metiiod 8270C. 

16.2 J. W, Eichelberger, L. E. Harris, and W. L, Budde, "Reference Compound to 
Calibrate Ion Abundance Measurement in Gas Chromatography/Mass Spectrometry," ^ f ek 
Analytical Chemistry, 47, 995 (1975) ^ B P 

17 MISCELLANEOUS 

17.1 Modifications from Reference Method 

17.1.1 A retention time window of 0,2 minutes is used for all components, since some 
data systems do not have the capability of using the relative retention time units 
specified in the reference method, 

17.1.2 The quantitation and qualifier ions for some compounds have been changed from 
those recommended in SW-846 in order to improve the reliability of qualitative 
identification. 

17.2 Modifications from Previous Revision 

17.2.1 This SOP has been substantially revised to meet the requirements of method 
8270C. 

17.2.2 Directions for analysis be method 625 have been added as an attachment. 

17.2.3 SOP has been revised to include a 5 mL final volume. 
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17.3 Facility Specific SOPs 

Each facility shall attach a list of facility specific SOPs or approved attachments (if 
applicable) which are required to implement this SOP or which are used in 
conjunction with this SOP, If no facility specific SOPs or amendments are to be 
attached, a statement must be attached specifying that there are none. 

17.4 Tables 

^P 

0 
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Table 1 

STL North Canton Primary Standard' and Standard Reporting Limits 

1 Analytes 

Pyridine 
N-nitrosodimethylamine 

1 Aniline 
1 Phenol 

Bis(2-chloroethyI)ether 
2-ChIorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl alcohol 

1 1,2-DichIorobenzene 
2-MethyIphenoI 
2,2'-oxybis( 1 -chloropropane)^ 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic acid 
Bis(2-chIoroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-MethyInaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethyl phthalate 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofijran 
2,4-Dinitrotoluene 

1 2,6-Dinitrotoluene 

CAS Number 

110-86-1 
62-75-9 
62-53-3 
108-95-2 
111-44-4 
95-57-8 

541-73-1 
106-46-7 
100-51-6 
95-50-1 
95-48-7 
108-60-1 
106-44-5 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
65-85-0 
111-91-1 
120-83-2 
120-82-1 
91-20-3 
106-47-8 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132-64-9 
121-14-2 
606-20-2 

Standard 
Aqueous 

pg/L 

20 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
10 
10 
50 
10 
10 
50 
10 
50 
50 
10 
10 
10 

Reporting Limits | 
Low Soil/Sediment | 

Mg/kg 

660 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
1600 
330 
330 
330 
330 
330 
330 
330 
330 
1600 
330 
330 
330 
1600 
330 
330 
1600 
330 
1600 
1600 
330 
330 
330 

« 

% 
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Table 1 

STL North Canton Primary Standard' and Standard Reporting Limits 

1 Analytes 

Diethylphthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-methylphenoI 
N-Nitrosodiphenylamine 
Azobenzene 
4-Bromophenyl phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 

i Phenanthrene 
1 Anthracene 

Carbazole 
i Di-n-butyl phthalate 

Fluoranthene 
Benzidine 
Pyrene 
Butyl benzyl phthalate 
3,3'-Dichlorobenzidine 
Benzo(a)anthracene 
Bis(2-ethylhexyl)phthalate 
Chrysene 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)peryIene 

j Benzaldehyde j 
Caprolactam 
1,1-Biphenyl 

1 Atrazine I 

CAS Number 

84-66-2 
7005-72-3 

86-73-7 
100-01-6 
534-52-1 
86-30-6 
103-33-3 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7 
86-74-8 
84-74-2 

206-44-0 
92-87-5 
129-00-0 
85-68-7 
91-94-1 
56-55-3 
117-81-7 
218-01-9 
117-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
191-24-2 
100-52-7 
105-60-2 
92-52-4 

1912-24-9 1 

1 Standard Reporting Limits 1 
1 Aqueous 

Mg/L 
10 
10 
10 
50 
50 
10 
10 
10 
10 
50 
10 
10 
10 
10 
10 

100 
10 
10 
50 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 1 

1 Low Soil/Sediment 
Mg/kg 
330 
330 
330 
1600 
1600 
330 
330 
330 
330 
1600 
330 
330 
330 
330 
330 

3300 
330 
330 
1600 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 i 
330 1 
330 \ 

' The STL North Canton primary standard is the standard normally used at F. Additional standards, such as the 
Appendix IX standard may be necessary to include all target analytes required for some clients. 

^ 2,2'oxybis(l-chloropropane) was formally known as bis(2-chloroisopropyl)ether 
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Table 2 

STL North Canton Appendix IX' Standard Reporting Limits 

4-Nitroquinoline-1-oxide 56-57-5 

i Semivolatiles 

2-Picoline 
N-Nitrosomethylethylamine 
Methyl methanesulfonate 
N-Nitrosodiethylamine 
Ethyl methanesulfonate 
Pentachloroethane 
Acetophenone 
N-Nitrosopyrrolidine 
N-Nitrosomorpholine 
o-Toluidine 
3-Methylphenol 
N-Nitrosopiperidine 
o,o,o-TriethyI-Phosphorothioate^ 
a,a-Dimethyl-phenethylamine 
2,6-Dichlorophenol 
Hexachloropropene 
p-Phenylenediamine 
n-Nitrosodi-n-butylamine 
Safrole 
1,2,4,5-Tetrachlorobenzene 
Isosafrole 
1,4-Dinitrobenzene 
1,4-Naphthoquinone 
1,3-Dinitrobenzene 
Pentachlorobcnzene 
1-Naphthylamine 
2-Naphthylamine 
2,3,4,6-Tetrachlorophenol 
5-Nitro-o-toluidine 
Thionazin^ 
1,3 .S-Trinitrobenzene 
Sulfotepp^ 
Phorate^ 
Phenacetin 
Diallate' 
Dimethoate* 
4-Aminobiphenyl 
Pentachloronitrobenzene 
Pronamide 
Disulfoton* 
2-secbutyl-4,6-dinitrophenol (Dinoseb) 
•Methyl Parathion* 

CAS Number 

109-06-8 
10595-95-6 

66-27-3 
55-18-5 
62-50-0 
76-01-7 
98-86-2 

930-55-2 
59-89-2 
95-53-4 
108-39-4 
100-75-4 
126-68-1 
122-09-8 
87-65-0 

1888-71-7 
106-50-3 
924-16-3 
94-59-7 
95-94-3 
120-58-1 
100-25-4 
130-15-4 
99-65-0 

608-93-5 
134-32-7 
91-59-8 
58-90-2 
99-55-8 

297-97-2 
99-35-4 

3689-24-5 
298-02-2 
62-44-2 

2303-16-4 
60-51-5 
92-67-1 
82-68-8 

23950-58-5 
298-04-4 
88-85-7 

298-00-0 

Standard Reporting Limits | 
Aqueous 

MgA. 
20 
10 
10 
10 
10 
50 
10 
10 
10 
20 
10 
10 
50 
50 
10 

100 
100 
10 
20 
10 
20 
10 
50 
10 
10 
10 
10 
50 
20 
50 
50 
50 
50 
20 
20 
20 
50 
50 
20 
50 
20 
50 

Low Soil/Sediment 
Mg/kg 
660 
330 
330 
330 
330 
1600 
330 
330 
330 
660 
330 
330 
1600 
1600 
330 

3300 
3300 
330 
660 
330 
660 
330 
1600 
330 
330 
330 
330 
1600 
660 
1600 
1600 
1600 
1600 
660 
660 
660 
1600 
1600 
660 
1600 
660 
1600 

100 

J 

3300 % 
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Table 2 

STL North Canton Appendix IX' Standard Reporting Limits 

Semivolatiles 

•Parathion* 
Methapyrilene 
Aramite 
•Isodrin' 
•Kepone* 
Famphur* 
p-(Dimethylamino)azoben2ene 
p-Chlorobenzilate* 
3,3'-Dimethylbenzidine 
2-Acetylaminofluorene 
Dibenz(aJ)acrldine 
7,12-Dimethy lbenz(a)anthracene 
3-Methylcholanthrene 

CAS Number 

56-38-2 
91-80-5 
140-57-8 
465-73-6 
143-50-0 
52-85-7 
60-11-7 

510-15-6 
119-93-7 
53-96-3 

224-42-0 
57-97-6 
56-49-5 

Standard Reporting Limits fi 
Aqueous 

Mg/L 
50 
50 
20 
10 

100 
100 
20 
10 
50 
100 
20 
20 
20 

Low Soil/Sediment 
Mg/kg 
1600 
1600 
660 
330 

3300 
3300 
660 
330 
1600 
3300 
660 
660 
660 

' The Appendix IX standard contains additional analytes required for the Appendix IX list. The STL North 
Canton primary standard must also be analyzed to include all of the Appendix IX list 

* May also be analyzed by method 8140 or 8141, which can achieve lower reporting limits. 

' It is highly recommended that Famphur is analyzed by method 8081. It is a poor responder by 8270C, 

* These compounds are analyzed by GC methods at STL North Canton, 
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1 Table 2A 
[ S T L North Can ton Michigan P r o g r a m ' 

1 Semivolatile 

Acenaphthene 
Acenaphthylene 
Acetophenone 
Anthracene 
Atrzine 
Benzaldehyde 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,Operylene 
Benzo(k)fluoranthene 
l,r-Biphenyl 
4-Bromophenylphenyl ehter 
Butylbenzylphthalate 
di-n-Butylphthalate 
Caprolactam 
Carbazole 
4-Chloroaniline 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-Chloroisopropyl)ethcr 
4-Chloro-3-MethyIphenol 
2-Chloronaphthalene 
2-Chlorophenol 
4-Chlorophenyl phenyl ether 
Chrysene 
Dibenz(a,h)anthracene 
Dibenzofuran 
3,3'-Dichlorobenzidine 
2,4-DlchlorophenoI 
Diethylphthalate 
2-4-Dimethylphenol 
Dimethylphthalate 
4,6-Dinitro-2-methylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
bis(2-Ethylhexyl)phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 

CAS Number 

83-32-9 
208-96-8 
98-86-2 
120-12-7 

1912-24-9 
100-52-7 
56-55-3 
50-32-8 

205-99-2 
191-24-2 
207-08-9 
92-52-4 
101-55-3 
85-68-7 
84-74-2 
105-60-2 
86-74-8 
106-47-8 
111-91-1 
111-44-4 
108-60-1 
59-50-7 
91-58-7 
95-57-8 

7005-72-3 
218-01-9 
53-70-3 
132-64-9 
91-94-1 
120-83-2 
84-66-2 
105-67-9 
131-11-3 
534-52-1 
51-28-5 
121-14-2 
606-20-2 
117-81-7 
206-44-0 
86-73-7 
118-74-1 
87-68-3 
77-47-4 
67-72-1 

Michigan Reporting Limits | 
Aqueous 

\ip/L 
5 
5 
5 
5 
5 
10 
4 
4 
4 
5 
5 
10 
5 
5 
5 
10 
10 
20 
5 
4 
5 
5 
5 
5 
5 
5 
4 
5 
4 
10 
5 
5 
5 

20 
20 
5 
5 
5 
5 
5 
5 
5 
5 
5 

Low Soil/Sediment 
M.?/kg 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 
1700 
330 
330 
330 
330 
330 
330 
330 
330 
330 
330 

2000 
330 
330 
330 
330 
1700 
1700 
330 
330 
330 
330 
330 
330 
330 
330 
330 
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GC/MS ANALYSIS BASED ON METHOD 8270C 

Table 2A 
STL North Canton Mich 

1 Semivolatile 

Indeno( 1,2,3-cd)pyrene 
Isophorone 
2-Methylnapthalene 

1 2-Methylphenol 
4-MethyIphenol 
Naphthalene 
2-Nitroaniline 
3-Nitroaniline 
4-Nitroaniline 

1 Nitrobenzene 
2-Nitrophenol 

1 4-Nitrophenol 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine (diphenylamine) 
di-n-Octylphthalate 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

1 CAS Number 

193-39-5 
78-59-1 
91-57-6 
95-48-7 
106-44-5 
91-20-3 
88-74-4 
99-09-2 
100-01-6 
95-95-3 
88-75-5 
100-02-7 
621-64-7 
62-75-9 
117-84-0 
87-86-5 
85-01-8 
108-95-2 
129-00-0 
95-95-4 
88-06-2 

SOP No: CORP-MS-OOOINC 
Revision No: 2.4 
Revision Date: 05/29/01 
Page 35 of 57 

igan P r o g r a m ' 

1 Michigan Reporting Limits 
Aqueous 

M.^ 
4 
5 
5 
5 
5 
5 

20 
20 
20 
4 
5 

20 
5 
5 
5 

20 
5 
5 
5 

Low Soil/Sediment 
M.g/kg 
330 
330 
330 
330 
330 
330 
1700 
1700 
1700 
330 
330 
1700 
330 
330 
330 
800 
330 
330 
330 

5 330 1 
4 1 330 1 

' Reporting Limits are only for samples performed under the Michigan program. 

0 

Table 3 

Reportable Analytes for STL North Canton Standard Tests, Primary Standard 

Analyte 

Pyridine 
N-nitrosodimethylamine 
Aniline 
Phenol 
Bis(2-chIoroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
Benzyl alcohol 
1,2-Dichlorobenzene 
2-MethylphenoI 
2,2'-oxybis(I-chloropropane)' 
4-MethylphenoI 

1 N-Nitroso-di-n-propylamine 

CAS Number 

110-86-1 
62-75-9 
62-53-3 
108-95-2 
111-44-4 
95-57-8 

541-73-1 
106-46-7 
100-51-6 
95-50-1 
95-48-7 
180-60-1 
1 0 6 ^ - 5 
621-64-7 1 

STL North 
Canton Standard 

List 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

TCLP 

X 

X 

X 

X 

TCL 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 1 

Appendix IX 1 

X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

^ 
X 1 
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Table 3 

Reportable Analytes for STL North Canton Standard Tests, Primary Standard 

Analyte 

Hexachloroethane 
Nitrobenzene 
Isophorone 

1 2-Nitrophenol 
1 2,4-Dimethylphenol 

Benzoic acid 
B is(2-chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-NitroaniIine 
Dimethyl phthalate 
Acenaphthylene 
3-Nitroaniline 
Acenaphthene 
2,4-DInitrophenol 
4-NitrophenoI 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-methyIphenoI 
N-Nitrosodiphenylamine 
Azobenzene* 
4-Bromophenyl phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butyl phthalate 
Fluoranthene 
Benziduie 
Pyrene 

CAS Number 

67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
65-85-0 
111-91-1 
120-83-2 
120-82-1 
91-20-3 
106-47-8 
87-68-3 
59-50-7 
91-57-6 
77-47-4 
88-06-2 
95-95-4 
91-58-7 
88-74-4 
131-11-3 
208-96-8 
99-09-2 
83-32-9 
51-28-5 
100-02-7 
132-64-9 
121-14-2 
606-20-2 
84-66-2 

7005-72-3 
86-73-7 
100-01-6 
534-52-1 
86-30-6 
103-33-3 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7 
86-74-8 
84-74-2 

206-44-0 
92-87-5 
129-00-0 

STL North 
Canton Standard 

List 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

TCLP 

X 
X 

X 

X 
X 

X 

X 
X 

1 
X 1 

TCL 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 

Appendix l3c~l 

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 

X 
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Table 3 

Reportable Analytes for STL North Canton Standard Tests, Primary Standard 

Analyte 

Butyl benzyl phthalate 
3,3'-Dichlorobenzidine 
Ben2o(a)anthracene 

1 Bis(2-ethylhexyl)phthalate 
Chrysene 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l ,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 
Benzaldehyde 
Caprolactam 
1,1-Biphenyl 
Atrazine 

1 CAS Number 

85-68-7 
91-94-1 

1 56-55-3 
117-81-7 
218-01-9 
117-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
191-24-2 
100-52-7 
105-60-2 
92-52-4 

1912-24-9 1 

STL North 
Canton Standard 

List 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

TCLP TCL 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

Appendix IX 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

' 2,2'oxybis(l-chloropropane) was formally known as bis(2-chloroisopropyl)ether 

* Azobenzene is formed by decomposition of 1,2-diphenlyhydrazine. If 1,2-diphenylhydrazine is requested, h will 
be analyzed as azobenzene. 

0 
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Table 4 

Reportable analytes for STL North Canton Standard Tests, Appendix IX Standard 

1 Semivolatiles 

1 2-Picoline 
1 N-Nitrosomethylethylamine 
1 Methyl methanesulfonate 
1 N-Nitrosodiethylamine 
1 Ethyl methanesulfonate 
1 Pentachloroethane 
1 Acetophenone 
1 N-Nitrosopyrrolidine 
1 N-Nitrosomorpholine 
1 o-Toluidinc 
1 3-Methylphenol 
1 N-Nitrosopiperidine 
1 0,0,0-TriethyI-Phosphorothioate* 
j a,a-Dimethyl-phenethylamine 
1 2,6-Dichlorophenol 
1 Hexachloropropene 
1 p-Phenylenediamine 
1 n-Nitrosodi-n-butylamine 
1 Safrole 
1 1,2,4,5-Tetrachlorobenzene 
1 Isosafrole 
1 1,4-Dinitrobenzene 
1 1,4-Naphthoquinone 
1 1,3-Dinitrobenzene 
1 Pentachlorobcnzene 
1 1-Naphthylamine 
1 2-Naphthylamine 
1 2,3,4,6-TetrachIorophenol 
1 5-Nitro-o-toluidine 
1 Thionazin* 
i 1,3,5-Trinitrobenzene 
1 Sulfotepp* 
1 Phorate* 
I Phenacetin 
1 Diallate 
1 Dimethoate* 
1 4-Aminobiphenyl 
1 Pentachloronitrobenzene 
1 Pronamide 1 
j Disulfoton* 
1 2-secbutyl-4,6-dinitrophenol (Dinoseb)* 
1 •Methyl parathion* 
j 4-Nitroquinoline-l-oxide | 

1 CAS Number 

109-06-8 
10595-95-6 

66-27-3 
55-18-5 
62-50-0 
76-01-7 
98-86-2 
930-55-2 
59-89-2 
95-53-4 
108-39-4 
100-75-4 
126-68-1 
122-09-8 
87-65-0 

1888-71-7 
106-50-3 
924-16-3 
94-59-7 
95-94-3 
120-58-1 
100-25-4 
130-15-4 
99-65-0 

608-93-5 
134-32-7 
91-59-8 
58-90-2 
99-55-8 

297-97-2 
99-35-4 

3689-24-5 
298-02-2 
62-44-2 

2303-16-4 
60-51-5 
92-67-1 
82-68-8 

23950-58-5 
298-04-4 
88-85-7 

298-00-0 
56-57-5 1 

1 STL North 
Canton Standard 

List 

1 TCLP 

r 1 

1 TCL 

X 

1 

1 „„n 
1 ^ 

X 
X 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 1 
X 
X 1 
X 1 
X 1 
X 
X 1 
X 
X 

X 
X 1 
X 1 
X 
X 1 
X 1 
X 1 
X 1 
X 
X 
X 1 
X 1 
X 
X 
X 
X 1 
X 1 
X 
X 
X 
X 1 

m 

% 
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Table 4 

Reportable analytes for STL North Canton Standard Tests, Appendix IX Standard 

i p i i j — = IJ 

Semivolatiles 

•Parathion* 
•Isodrin* 
•Kepone* 
Famphur* 
Methapyrilene 
Aramite 
p-(DimethyJamino)azobenzene 
p-Chlorobenzilate' 
3,3'-Dimethylbenzidine 
2-AcetyIaminofluorene 
Dibenz(aj)acridine 
7,12-Dimethylbenz(a)anthracene 
3-Methylcholanthrene 
Hexachlorophene* 

1 Diphenylamine^ 

CAS Number 

56-38-2 
465-73-6 
143-50-0 
52-85-7 
91-80-5 
140-57-8 
60-11-7 

510-15-6 
119-93-7 
53-96-3 

224-42-0 
57-97-6 
56-49-5 
70-30-4 
122-39-4 1 

1 STL North 
Canton Standard 

List 

1 TCLP TCL Appendix IX 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
.X 
X 
X 

* May also be analyzed by method 8140 or 8141, which can achieve lower reporting limits. 

' May also be analyzed by method 8080 or 8081, which can achieve lower reporting limits 

* Hexachlorophene is a required analyte for Appendix IX. This compound is not stable, and therefore not 
included in the calibration standard. The characteristic ions for hexachlorophene are searched for in the 
chromatogram. (See section 12,2.1) 

* Diphenylamine is a required compound for Appendix IX. N-nitrosodiphenylamine decomposes in the injection 
port to form diphenylamine. Therefore these two compounds cannot be distinguished. Diphenylamine is not 
included in the calibration standard, 

* These compounds are analyzed by GC methods at STL North Canton. 

0 
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Table 5 

Suggested Instrumental Conditions 

Mass Range 
Scan Time 
Initial Column Temperature/Hold Time 
Column Temperature Program 
Final Colunm Temperature/Hold Time 

Injector Temperature 
Transfer Line Temperature 
Source Temperature 

Injector 
Sample Volume 
Carrier Gas 

35-500 amu 
<1 second/scan 
40°C for 2 minutes 
40.320''Catll.5°C/min 
320°C (until at least one minute after benzo(g,h,i)peiylene 
has eluted) 
250 - 300''C 
250 - 300''C 
According to manufacturer's 
specifications 
Grob-type, split / splitless 
l o r 2 p l 
Helium at 30 cm/sec 

Mass 
51 
68 
70 
127 
197 
198 
199 
275 
365 
441 
442 
443 

Table 6 

DFTPP Key Ions and Ion Abundance Criteria 

Ion Abundance Criteria 
30-60% of mass 198 

<2%ofmass69 
<2% of mass 69 

40-60% of mass 198 
<l%ofmass 198 

Base peak, 100% relative abundance 
5-9% of mass 198 

10-30% of mass 198 
>l%ofmass 198 

Present, but less than mass 443 
>40% of mass 198 

17-23% of mass 442 

% 
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Table 7 

Analytes in Approximate Retention Time Order and Characteristic Ions, Primary Standard 

Analyte Primary Secondary Tertiary 
N-nitrosodimethylamine 
Pyridine 
2-Fluorophenol(Surrogate Standard) 
Phenol-d5 (Surrogate Standard) 
Benzaldehyde 
Aniline 
Phenol 
B is(2-chloroethy l)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
l,4-Dichlorobenzene-d4 (Internal 
Standard) 
1,4-Dichlorobenzene 
Benzyl Alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
2,2'-oxybis(l-chloropropane)' 
4-Methylphenol 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene-dS (Surrogate 
Standard) 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic Acid 
Bis(2-chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene-dS (Internal Standard) 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
Caprolactam 
4-Chloro-3-methyIphenoI 
2-Methylnaphthalene 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2,4,5-TrichJorophenoJ 
l,r-Biphenyl 
2-Fluorobiphenyl (Surrogate 
Standard) 
2-Chloronaphthalene 
2-Nitroaniline 

74 
79 
112 
99 
77 
93 
94 
93 
128 
146 
152 

146 
108 
146 
108 
45 
108 
70 
117 
82 

77 
82 
139 
107 
122 
93 
162 
180 
136 
128 
127 
225 
113 
107 
142 
237 
196 
196 
154 
172 

162 
65 

42 
52 
64 
42 
105 
66 
65 
63 
64 
148 
150 

148 
79 
148 
107 
77 
107 
42 
201 
128 

123 
95 
65 
121 
105 
95 
164 
182 
68 
129 
129 
223 
55 
144 
141 
235 
198 
198 
153 
171 

164 
92 

63 
71 
106 

66 
95 
130 
113 
115 

113 
77 
113 
79 
79 
79 

101,130 
199 
54 

65 
138 
109 
122 
77 
123 
98 
145 
54 
127 
65 
227 
56 
142 
115 
272 
200 
200 
76 
170 

127 
138 
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% 
Table 7 

Analytes in Approximate Retention Time Order and Characteristic Ions, Primary Standard 

Analyte 
Dimethylphthalate 
Acenaphthylene 
2,6-Dinitrotoluene 
Acenaphthene-dlO (Internal 
Standard) 
3-Nitroaniline 
Acenaphthene 
2,4-Dinitrophenol 
Dibenzofuran 
4-Nitrophenol 
2,4-Dinitrotoluene 
Diethylphthalate 
Fluorene 
4-Ch loropheny Iphenylether 
4-Niu-oaniline 
4,6-Dinitro-2-methylphenol 

1 N-Nitrosodiphenylamine 
2,4,6-Tribromophenol (Surrogate 
Standard) 
Azobenzene 

1 4-Bromophenylphenylether 
1 Hexachlorobenzene 
Atrazine 
Pentachlorophenol 
Phenanthrene-dlO (Internal 
Standard) 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butylphthalate 
Fluoranthene 
Benzidine 
Pyrene 
Terphenyl-dl4 (Surrogate Standard) 
Butylbenzylphthalate 
Benzo(a)Anthracene 
Chrysene-dl2 (Internal Standard) 
3,3 '-Dichlorobenzidine 
Chrysene 
B is(2-ethy lhexyl)phthalate 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Perylene-dl2 (Internal Standard) 
lndeno(l ,2,3-cd)pyrene 
Dibenz(a,h)anthracene 

Primary 
163 
152 
165 
164 

138 
153 
184 
168 
109 
165 
149 
166 
204 
138 
198 
169 
330 

77 
248 
284 
200 
266 
188 

178 
178 
167 
149 
202 
184 
202 
244 
149 
228 
240 
252 
228 
149 
149 
252 
252 
252 
264 
276 
278 

Secondary 
194 
151 
63 
162 

108 
152 
63 
139 
139 
63 
177 
165 
206 
92 
182 
168 
332 

182 
250 
142 
173 
264 
94 

179 
179 
166 
150 
101 
92 
101 
122 
91 

229 
120 
254 
226 
167 
167 
253 
253 
253 
260 
138 
139 

Tertiary 
164 
153 
89 
160 

92 
154 
154 
84 
65 
89 
150 
167 
141 
108 
77 
167 
141 

105 
141 
249 
215 
268 
80 

176 
176 
139 
104 
100 
185 
100 
212 
206 
226 
236 
126 
229 
279 
43 
125 
125 1 
125 I 
265 1 
277 1 
279 B 
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Table 7 

Analytes in Approximate Retention Time Order and Characteristic Ions, Primary Standard 

Analyte 
I Benzo(g,h,i)perylene 

Primary 
276 

Secondary 
138 

Tertiary 
277 

(0 

0 
01/22/02 



GC/MS ANALYSIS BASED ON METHOD 8270C SOP No: CORP-MS-OOOINC 
Revision No: 2 4 
Revision Date: 05/29/01 
Page 44 of 57 

Table 8 

Analytes in Approximate Retention Time Order and Characteristic Ions, Appendix IX Standard 

1 Analyte 

1 2-Picoline 
1 N-Nitrosomethylethylamine 
1 Methyl methanesulfonate 
1 N-Nitrosodiethylamine 

Ethyl methanesulfonate 
Pentachloroethane 
Acetophenone 
N-Nitrosopyrrolidine 
N-Nitrosomorpholine 
o-Toluidine 
3-Methylphenol 
N-Nitrosopjperidine 
0,0,0-Triethyl-Phosphorothioate 
a,a-Dimethyl-phenethylamine 
2,6-Dichlorophenol 
Hexachloropropene 
p-Phenylenediamine 
n-Nitrosodi-n-butylamine 
Safrole 

1 1,2,4,5-Tetrachlorobenzene 
Isosafrole I 
Isosafrole 2 
1,4-Dinitrobenzene 
1,4-Naphthoquinone 
1,3-Dinitrobenzene 
Pentachlorobcnzene 
1-Naphthylamine 
2-Naphthylamine 
2,3,4,6-Tetrachlorophenol 
5-Nitro-o-toluidine 
Thionazin 
1,3,5-Trinitrobenzene 
Sulfotepp 
Phorate 
Phenacetin 
Diallate 
Dimethoate 
4-Aminobiphenyl 
Pentachloronitrobenzene 
Pronamide 
Disulfoton 
2-secbutyl-4,6-dinitrophenol (Dinoseb) 
Methyl parathion 
4-Nitroquinoline-l-oxide 

1 Parathion 1 

I Primary 

\ 93 
88 
80 
102 
79 
117 
105 
100 
116 
106 
108 
114 
198 
58 
162 
213 
108 
84 
162 
216 
162 
162 
168 
158 
168 
250 
143 
143 
232 
152 
97 

213 
97 
75 
108 
86 
87 
169 
237 
173 
88 

211 
109 
190 
109 1 

1 Secondary 

r 66 
42 
79 
44 
109 
119 
77 
41 
56 
107 
107 
42 
121 
91 
164 
215 
80 
57 
104 
214 
104 
104 
75 
104 
75 

248 
115 
115 
230 
77 
96 

• 75 
322 
97 
179 
234 
93 

142 
175 
97 
163 
125 
128 
97 1 

Tertiary 

92 
43 
65 
57 
97 
167 
120 
42 
86 

77 
55 
93 

63 
211 

41 
77 

218 
131 
131 
122 
102 
76 

252 

131 
106 
143 
120 
202 
121 
109 

125 

214 
255 
89 
147 
263 
160 
291 1 

% 

% 
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0 

0 

Table 8 

Analytes in Approximate Retention Time Order and Characteristic Ions, Appendix IX Standard 

1 Analyte 
I Isodrin 
1 Kepone 
1 Famphur 
1 Methapyrilene 
1 Aramite 1 
1 Aramite 2 

p-(Dimethylamino)azobenzene 
1 p-Chlorobenzilate 

3,3'-Dimethylbenzidine 
1 2-Acetylaminofluorene 
j Dibenz(a,i)acridine 

7,12-Dimethylbenz(a)anthracene 
1 3-Methylcholanthrene 

Primary 
193 
272 
218 
97 
185 
185 
120 
251 
212 
181 
279 
256 
268 

r Secondary 
1 (,6 

274 
125 
58 

319 
319 
225 
139 
106 
180 
280 
241 
252 

Tertiary 
195 
237 
93 

77 
253 

223 

120 
253 

Table 9 

8270C LCS Compounds 

1 LCS Compounds 
1 1,2,4-Trichlorobenzene 
1 Acenaphthene 
1 2,4-DiniU-otoluene 
1 Pyrene 

N-Nitroso-di-n-propylamine 
1 1,4-Dichlorobenzene 
1 Pentachlorophenol 

Phenol 
2-Chlorophenol 
4-Chloro-3-methylphenol 

1 4-Nitrophenol 

Spiking Level, ng/pL in extract' 
100 
100 
100 
100 
100 
100 
150 
150 
150 
150 
150 

Levels are 50 and 75 ng/pL if 2 pL injection is used 
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Table 10 

TCLP LCS Compounds 

LCS Compounds 
1,4-Dichlorobenzene 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
2-Methylphenol 
3-Methylphenol 
4-Methylphenol 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

Spiking Level, ng/nL in extract' 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

' Levels are 50 ng/pL if 2 pL injection is used 

Recoveiy limits for the LCS and for matrix spikes are generated from historical data and are maintained by the QA 
department. • 

Table 11 

8270C Surrogate Compounds 

Surrogate Compounds 
Nitrobenzene-d5 
2-Fluorobiphenyl 
Terphenyl-dl4 
1,2-Dichlorobenzene-d4' 
Phenol-d5 
2-Fluorophenol 
2,4,6-Tribromophenol 

1 2-Chlorophenol-d4' 

Spiking Level, ng/pL in extract* 
100 
100 
100 
100 
150 
150 
150 
150 

' Included in standard mix, but not routinely evaluated for method 8270B 

* Levels are 50 and 75 ng/pL if 2 pL injection is used 

Recovery limits for surrogates are generated from historical data and are maintained by the QA departmeoL 

% 

01/22/02 



0 
GC/MS ANALYSIS BASED ON METHOD 8270C SOP No: CORP-MS-OOOINC 

Revision No: "lA. 
Revision Date: 05/29/01 
Page 47 of 57 

Table 12' 
Calibration Levels, Primary Standard, ^g/mL 

jl Analyte 

I Pyridine 
N-nitrosodimethylamine 
Aniline 

i Phenol 
1 Bis(2-chloroethyl)ether 

2-Chlorophenol 
1,3-Dichlorobenzene 

1 1,4-Dichlorobenzene 
1 Benzyl alcohol 
1 1,2-Dichlorobenzene 
1 2-Methylphenol 
1 2,2'-oxybis(l-chloropropane)' 

4-Methylphenol 
1 N-Nitroso-di-n-propylamine 
1 Hexachloroethane 
1 Nitrobenzene 
1 Isophorone 
1 2-NitrophenoI 
1 2,4-Dimethylphenol 
1 Benzoic acid 

Bis(2-chloroethoxy)methane 
1 2,4-Dichlorophenol 
1 1,2,4-Trichlorobenzene 
1 Naphthalene 
1 4-Chloroaniline 
1 Hexachlorobutadiene 
1 4-Chloro-3-methylphenol 
1 2-Methylnaphthalene 

Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 

1 2,4,5-Trichlorophenol 
1 2-Chloronaphthalene 
i 2-Nitroaniline 

Dimethyl phthalate 
Acenaphthylene 
3-Nitroaniline 

1 Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4-Nitroaniline 

1 4,6-Dinitro-2-methylphenol | 

1 Level 1 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
1 0 ' 
10 
10 
10 
10 
10 
10 
10 
10 
10 

1 Level 2 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 1 

10 1 25 1 

1 Levels 

40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 1 

[ Level 4 

f 60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 1 

1 Level 5 ] 

80 
80 
80 
80 
80 
80 
80 
80 
80 
80 1 
80 1 
80 1 
80 1 
80 1 
80 1 
80 1 
80 

80 1 
80 1 
80 1 
80 1 
80 1 

80 1 
80 1 
80 1 
80 1 
80 
80 1 
80 

80 1 
80 

80 1 
80 1 
80 1 
80 1 
80 1 
80 

80 1 
80 1 
80 1 
80 

80 1 
80 1 
80 1 
80 j 
80 1 
80 II 
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Table 12' 
Calibration Levels, Primary Standard, ^g/mL 

Analyte 
N-Nitrosod ipheny lamine 
Azobenzene* 
4-Bromophenyl phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Carbazole 
Di-n-butyl phthalate 
Fluoranthene 
Benzidine 
Pyrene 
Butyl benzyl phthalate 
3,3'-Dichlorobenzidine 
Ben2o(a)anthracene 
B is(2-ethylhexy Dphtha late 
Chrysene 
Di-n-octylphthalate 
Benzo(b)nuoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 
Benzaldehyde 
Caprolactam 
l,r-Biphenyl 

Atrazine 

Level I 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

10 
10 

Level 2 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

Level 3 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

40 
40 

Level 4 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

60 
60 

Level 5 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 

80 
80 

« 

• 

' 2,2'oxybis(l-chloropropane) was formally known as bis(2-chloroisopropyl)ether 

*Azobenzene is formed by decomposition of 1,2-diphenlyhydrazine, If 1,2-diphenylhydrazine is requested, it will be 
analyzed as azobenzene, 

'Optional concentration levels = 1/5 of the listed concentrations for samples with a final volume of 5 mL. 

% 
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Table 13' 

Calibration Levels, Appendix IX Standard, ^g/mL 

Semivolatiles 
2-Picoline 
N-Nitrosomethylethylamine 
Methyl methanesulfonate 
N-Nitrosodiethylamine 
Ethyl methanesulfonate 
Pentachloroethane 
Acetophenone 
N-Nitrosopyrrolidine 
N-Nitrosomorpholine 
o-Toluidine 
3-Methylphenol 
N-Nitrosopiperidine 
0,0,0-Triethyl-Phosphorothioate 
a,a-Dimethyl-phenethylamine 
2,6-Dichlorophenol 
Hexachloropropene 
p-Phenylenediamine 
n-Nitrosodi-n-butylamine 
Safrole 
1,2,4,5-Tetrachlorobenzene 
Isosafrole 1 + 2 
1,4-Dinitrobenzene 
1,4-Naphthoquinone 
1,3-Dinitrobenzene 
Pentachlorobcnzene 
1-Naphthylamine 
2-Naphthylamine 
2,3,4,6-Tetrachlorophenol 
5-Nitro-o-toluidine 
Thionazin 
1,3,5-Trinitrobenzene 
Sulfotepp 
Phorate 
Phenacetin 
Diallate !-*• 2 
Dimethoate 
4-Aminobiphenyl 
Pentachloronitrobenzene 
Pronamide 
Disulfoton 
2-secbutyI-4,6-dinitrophenol (Dinoseb) 
•Methyl parathion 
4-Nitroquinoline-l-oxide 
•Parathion 
•Isodrin | 

Level I 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 1 

Level 2 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

Level 3 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

Level 4 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

Level 5 ^ 

80 1 
80 

80 1 
80 1 
80 1 
80 1 
80 
80 

80 1 
80 1 
80 1 
80 1 
80 1 
80 1 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 1 
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Table 13' 

Calibration Levels, Appendix IX Standard, pg/mL 

Semivolatiles 
•Kepone 
Famphur 
Methapyrilene 
Aramite I and 2 
p-(Dimethylamino)azobenzene 
p-Chlorobenzilate 
3,3'-Dimethylbenzidine 
2-Acetylaminofluorene 
Dibenz (aj)acridine 
7,12-DimethyIbenz(a)anthracene 
3-Methylcholanthrene 

Level 1 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

Level 2 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 

Level 3 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 

Level 4 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

Level 5 1 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 
80 

• These compounds are not in the STL North Canton Standard Mix, 

^Optional concentration levels = 1/5 of the listed concentrations for samples with a final volume of 5 mL, 

Table 14 
Initial demonstration recovery and precision limits 

Compound 

Acenaphthene 
Acenaphthylene 
Aldrin' 
Anthracene 
Benz(a)anthracene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Benzo(ghi)perylene 
Benzylbutyl phthalate 
B-BHC 
d-BHC' 
Bis(2-chloroethyl) ether 
Bis(2-chloroethoxy)methane 
Bis(2-chloroisopropyl) ether 
Bis(2-ethylhexyl) phthalate 
4-Bromophenyl phenyl ether 

1 2-ChloronaphthaIene 
4-Chlorophenyl phenyl ether 
Chrysene 
4,4'-DDD' 
4,4'-DDE' 
4,4'-DDT' 

Spiking 
concentration 

MS/L 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

Limit for Relative 
Standard Deviation 

27.6 
40.2 
39.0 
32.0 
27.6 
38.8 
32.3 
39.0 
58.9 
23.4 
31.5 
21.6 
55.0 
34.5 
46.3 
41.1 
23.0 
13.0 
33.4 
48.3 
31.0 
32.0 
61.6 

Limit for average 
recoveiy, % 

60.1-132.3 
53.5-126.0 
7.2-152.2 

43.4-118.0 
41.8-133.0 
42.0-140.4 
25.2-145.7 
31.7-148.0 

D-195.0 
D-139.9 

41.5-130.6 
D-100.0 

42.9-126.0 
49.2-164.7 
62.8-138.6 
28.9-136.8 
64.9-114.4 
64.5-113.5 
38.4-144.7 
44.1-139,9 

D-134,5 
19.2-119,7 
D-170,6 

% 

• 
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Table 14 
Initial demonstration recovery and precision limits 

Compound 

Dibenzo(a,h)anthracene 
Di-n-butyl phthalate 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
3,3'-Dichlorobenzidine 
Dieldrin' 
Diethyl phthalate 
Dimethyl phthalate 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Di-n-octylphthalate 
Endosulfan sulfate 
Endrin aldehyde 
Fluoranthene 
Fluorene 
Heptachlor' 
Heptachlor epoxide 
Hexachlorobenzene 
Hexach lorobutadiene 
Hexachloroethane 
Indeno( 1,2,3-cd)pyrene 
Isophorone 
Naphthalene 
Nitrobenzene 
N-Nitrosodi-n-propylamine 
PCB-1260' 
Phenanthrene 
Pyrene 
1,2,4-Trichlorobenzene 
4-Chloro-3-methyIphenol 
2-Chlorophenol 
2,4-Chlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2-Methyl-4,6-dinitrophenol 
2-Nitrophenol 
4-Nitrophenol 
Pentachlorophenol 
Phenol 
2,4,6-Trichlorophenol 

Spiking 
concentration 

MS/L 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

Limit for Relative 
Standard Deviation 

70.0 
16.7 
30.9 
41.7 
32.1 
71.4 
30.7 
26.5 
23.2 
21.8 
29.6 
31.4 
16.7 
32.5 
32.8 
20.7 
37.2 
54.7 
24.9 
26.3 
24.5 
44.6 
63.3 
30.1 
39.3 
55.4 
54.2 
20.6 
25.2 
28.1 
37.2 
28.7 
26.4 
26.1 
49.8 
93.2 
35,2 
47.2 
48.9 
22.6 
31.7 

Limit for average 
recovery, % 

D-199.7 
8.4-111.0 

48.6-112.0 
16.7-153.9 
37.3-105.7 
8.2-212.5 

44.3-119.3 
D-100.0 
D-100.0 

47.5-126.9 
68.1-136.7 
18.6-131.8 
D-103.5 
D-188.8 

42.9-121.3 
71.6-108.4 

D-172.2 
70.9-109.4 
7.8-141.5 

37.8-102.2 
55.2-100.0 

D-150.9 
46.6-180.2 
35.6-119.6 1 
54.3-157.6 j 
13.6-197.9 1 
19.3-121.0 1 
65.2-108.7 
69.6-100.0 
57.3-129.2 
40.8-127.9 
36.2-120.4 
52.5-121.7 
41.8-109.0 

D-172.9 
53.0-100.0 
45.0-166.7 
13.0-106.5 
38.1-151.8 
16.6-100.0 
52.4-129.2 

'since the organochlorine pesticides and PCBs are normally determined by method 8080 at STL North Canton, they 
will not be included in the initial demonstration of capability for method 8270B. 
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18. REQUIREMENTS FOR METHOD 625 

18.1 Method 625 is required for demonstration of compliance with NPDES wastewater 
discharge permits. The standard analyte list and reporting limits are listed in Table 
A-1. 

18.2 This method can be applied only to aqueous matrices. 

18.3 The tune period for this method is defined as 24 hours. 

18.4 Initial calibration curve requirements: 

18.4.1 The initial calibration curve for this method requires at least three points. 

18.4.2 Target compounds must have RSD < 35%. 

18.4.3 If this requirement can not be met, a regression curve must be constructed for the 
non-compliant compounds. 

18.5 Continuing calibration verification requirements: All target compounds must have 
%D < 20%. 

18.6 Matrix Spike and LCS requirements: 

18.6.1 A full analyte spike is required for method 625, The spiking levels are given in 
Table A-2, 

01/22/02 
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Table A-1. STL North Canton Method 625 standard reporting list and reporting limits. 

Analytes 

Phenol 
Bis(2-chIoroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
2,2'-oxybis(l -chloropropane) 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylpheno! 
Bis(2-chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2-ChIoronaphthalene 
Dimethyl phthalate 
Acenaphthylene 
Acenaphthene 
2,4-Dinitrophenol 
4-NitrophenoI 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethylphthalate 
4-Chlorophenyl phenyl ether 
Fluorene 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamine 
4-BromophenyI phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butyl phthalate 
Fluoranthene 
Benzidine 
Pyrene 
Butyl benzyl phthalate 

CAS Number 

108-95-2 
111-44-4 
95-57-8 
541-73-1 
106-46-7 
95-50-1 
108-60-1 
621-64-7 
67-72-1 
98-95-3 
78-59-1 
88-75-5 
105-67-9 
111-91-1 
120-83-2 
120-82-1 
91-20-3 
87-68-3 
59-50-7 
77-47-4 
88-06-2 
91-58-7 
131-11-3 
208-96-8 
83-32-9 
51-28-5 
100-02-7 
121-14-2 
606-20-2 
84-66-2 

7005-72-3 
86-73-7 

534-52-1 
86-30-6 
101-55-3 
118-74-1 
87-86-5 
85-01-8 
120-12-7 
84-74-2 

206-44-0 
92-87-5 
129-00-0 
85-68-7 

Aqueous 

M.?A-
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
50 
10 
10 
10 
10 
10 
50 
50 
10 
10 
10 
10 
10 
50 
10 
10 
10 
50 
10 
10 
10 
10 
100 
10 
10 

% 

« 
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Analytes 

3,3'-Dichlorobenzidine 
Benzo(a)anthracene 
B is(2-ethy Ihexyl)phtha late 
Chiysene 
D i-n-octy Iphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
lndeno( 1,2,3 -cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

CAS Number 

91-94-1 
56-55-3 
117-81-7 
218-01-9 
117-84-0 
205-99-2 
207-08-9 
50-32-8 
193-39-5 
53-70-3 
191-24-2 

Aqueous 

50 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

^ ^ 
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Table A-2. Method 625 LCS and MS compounds and spike concentrations. 

LCS Compounds 
Phenol 
Bis(2-chloroethyl)ether 
2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,2-Dichlorobenzene 
2,2'-oxybis( 1 -chloropropane) 
N-Nitroso-di-n-propylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Bis(2-chloroethoxy)methane 
2,4-Dichlorophenol 
1,2,4-Trichlorobenzene 
Naphthalene 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 
Hexachlorocyclopentadiene 
2,4,6-Trichlorophenol 
2-Chloronaphthalene 
Dimethyl phthalate 
Acenaphdiylene 
Acenaphthene 
2,4-Dinitrophenol 
4-Nitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethylphthalate 
4-ChloTophenyl phenyl ether 
Fluorene 
4,6-Dinitro-2-methylphenol 
N-Nitrosodiphenylamme 
4-Bromophenyl phenyl ether 
Hexachlorobenzene 
Pentachlorophenol 
Phenanthrene 
Anthracene 
Di-n-butyl phthalate 
Fluoranthene 
Benzidine 
Pyrene 
Butyl benzyl phthalate 
3,3'-Dichlorobenzidine 
Benzo(a)anthracene 

Spiking Level, ng/pL in extract' 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

m 
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LCS Compounds 
Bis(2-ethylhexyl)phthalate 
Chrysene 
Di-n-octylphthalate 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
I ndeno( 1,2,3 -cd)pyrene 
Dibenz(a,h)anthracene 
Benzo(g,h,i)perylene 

Spiking Level, ng/pL in extract' 
100 
100 
100 
100 
100 
100 
100 
100 
100 

'. Levels are 50 and 75 ng/pL if 2 pL injection is used 

0 

0 
01/22/02 
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1. SCOPE AND APPLICATION 

1.1. This procedure is a Gas Chromatography/Mass Spectrometry (GC/MS) technique 
developed for the purposes of measuring polynuclear aromatic hydrocarbons (PAH) at 
a reporting level of 0.2 p,g/L.(about 50 times lower than normal 8270C levels. 
Samples containing greater than 10 pg/L semivolatile organics should be analyzed by 
normal 8270C methodology. 

1.2. The UMs method code is FX. 

2. SUMMARY OF METHOD 

2.1, This analysis is performed by the isolation of the target analytes by liquid-liquid 
extraction of a water sample with an organic solvent. One liter of sample volume is 
extracted with methylene chloride. A solid sample (30 g) is extracted with 1:1 
methylene chloride/acetone. The extract is concentrated to a volume of 5.0 mL. 
Identification and quantitation of the target analytes is performed by GC/MS 
instrument that is set up in the selected ion monitoring mode (SIM). The analyte's 
retention time (RT) and primary to secondary ion area ratio from analytical standards 
are used for identification of target analytes in samples. Quantitation is performed 
using the primary ion area. 

3. DEFINITIONS 

3.1. Selected Ion Monitoring - A mass spectrometry technique that provides lower 
detection level capability. 

3.2. Primary Ion Area - The signal chosen for quantitation purposes. 

3.3. Secondary Ion Area - The signal chosen for identification purposes. 

4. INTERFERENCES 

4.1. Method interferences may be caused by contaminants on solvents, reagents, glassware 
and other sample processing hardware that lead to discrete artifacts and/or elevated 
baselines in the ion current profiles. All of these materials must be routinely 
demonstrated to be free from interferences under the conditions of the analyses by 
analyzing laboratory reagent blanks. 

4.2. Matrix interferences may be caused by contaminants that are co-extracted from the 
sample. The extent of the matrix interferences will vary'considerably from source to 
source, depending upon the nature of the environment being sampled. 
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4.3. An interference that is unique to selected ion monitoring techniques can arise from 
the presence of an interfering compound that contains the quantitation mass ion. This 
event results in a positive interference to the reported value for the compound of 
interest. This interference is controlled to some degree by acquiring data for a 
confirmation ion. If the ion ratios between the quantitation ion and the confirmation 
ion are not within the specified limits, then interferences may be detected. 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all 
STL associates. 

5.2. Eye protection that satisfies ANSI Z87,l (as per the Chemical Hygiene Plan), 
laboratory coat, and appropriate gloves must be worn while samples, standards, 
solvents, and reagents are being handled. Disposable gloves that have been 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately. VITON gloves may be worn when halogenated solvents are used for 
extraction or sample preparation, nitrile gloves may be used when other solvents are 
handled. 

Note: VITON is readily degraded by acetone; all solvents will readily pass through 
disposable latex rubber gloves. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have 
not been fully defined. Additional health and safety information can be obtained from 
the Material Safety Data Sheets (MSDS) maintained in the laboratory. The following 
specific hazards are known: 

5.3.1. Chemicals that have been classified as carcinogens, or potential 
carcinogens, under OSHA include: 

Methylene chloride. 

5.3.2. Chemicals known to be flammable are: 

Acetone, methanol. 

5.3.3. The following materials are known to be corrosive: 

Sodium hydroxide, sulfuric acid 

m 

% 
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5.4. Exposure to chemicals must be maintained as low as reasonably achievable, 
therefore, unless they are known to be non-hazardous, all samples must be opened, 
transferred and prepared in a fume hood, or under other means of mechanical 
ventilation. Solvent and waste containers will be kept closed unless transfers are 
being made. 

5.5. The preparation of standards and reagents and glassware cleaning procedures that 
involve solvents such as methylene chloride will be conducted in a fume hood with 
the sash closed as far as the operation will permit. 

5.6. All work must be stopped in the event of a known or potential compromise to the 
health and safety of a STL associate. The situation must be reported immediately to 
a laboratory supervisor. 

6. EQUIPMENT AND SUPPLIES 

6.1. Refer to SOP CORP-OP-OOOlNC for sample preparation equipment and supplies. 

6.2, Gas Chromatograph/Mass Spectrometer - Hewlett Packard model no. 5973A 
equipped with a Hewlett Packard 6890 Gas Chromatograph, or equivalent. 

7. REA GENTS AND STANDARDS 

7.1. Refer to SOP CORP-OP-OOOlNC for sample preparation reagents and standards. 

7.2. Surrogate Spiking Solution - The compounds in the surrogate solution are 
Nitrobenzene-d5, 2-Fluorobiphenyl, Terphenyl-dl4, Phenol-d5, 2-Fluorphenol, 
2,4,6-Tribromophenol. The surrogate mix is prepared in methanol at a concentration 
of 100/150 pg /mL. 20 pL is added to a 1 L sample. 

7.3. Intemal Standard Solution - The compounds in the intemal standard solution are 1,4-
Dich]oroben2ene-d4, Naphtha]ene-d8, Acenaphthene-dlO, Phenanthene-dlO, 
Chrysene-dl2, and Perylene-dl2. The intemal standard mix is prepared in methylene 
chloride at a concentration of 80 |ig/mL. The intemal standard solution is added to 
an aliquot of the sample extract prior to analysis to provide an intemal standard 
concentration of 0.8 pg/mL in the final extract, 

7.4. Matrix Spike - A lOOug/mL solution of the TCL-PAH list. 20 nL is added to a 1 L 
sample. Laboratory Control Spike - a 100 ^ig/mL solution of the TCL-PAH list. If 
PAH-SIM method is run by itself, then one LCS is prepared with 20 \xL to IL. If 
PAH-SEM is run in conjunction with 8270C, then 2 LCS's are prepared - one spiked 
with 500 ^L to 1 L, the second with 20 nL to IL. 
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7.5. Calibration Standards - The target analytes for this method are listed Table I, 
Standard reference materials are obtained from commercial sources and 
independently verified at the laboratory. The standard mixture is prepared in 
methylene chloride for the initial calibration curve at a minimum of 5 concentration 
levels from the following: 0.1 ,0.2,0.5,1, 2, 5,10 , 20 ng/mL.. Injection volume is 2 
ML, 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. The samples are collected into 1 L amber glass container chilled to 4°C ± 2°C and 
shipped via over-night carrier to the laboratory. The samples are stored at 4°C ± 2°C 
at the laboratory until extraction. The extracts must be protected from light and 
stored refrigerated until the time of analysis. 

8.2. Holding times - The water samples must be extracted within 7 days from the date of 
sample collection. The solid samples must be extracted with 14 days from the date of 
sample collection. The extracts must be analyzed within 40 days from the date of 
sample extraction. 

9. QUALITY CONTROL ^ ^ 

9.1. SIM - PAH QC Approach (3 options) 

% 
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9.1.1. Option #1 - Use when performing 8270C and PAH- SIM on same sample 

9.1.1.1. Single extract, 2 analyses 

9.1.1.2. Normal 8270C surrogate levels in samples, blanks, 8270C LCS, 
MS/MSD 

9.1.1.3. One low level LCS at 1/10 the normal 8270C analysis 

9.1.1.4. Only low level LCS reported for SIM analysis (no blank surrogates, 
no sample MS/MSD) 

9.1.2. Option #2 - Separate extractions for 8270C and PAH-SIM 

9.1.2.1. One standard BNA 8270 extraction batch with normal QC 

9.1.2.2. One low level PAH-SIM extraction batch. All surrogates, LCS and 
normal spike level 

9.1.2.3. All SIM QC reported (blank surrogates, sample surrogates, LCS and 
MS/MSD) 

9.1.3. Option #3 

9.1.3.1. One low level SIM extraction batch. All surrogates, LCS, MS/MSD 
and 1/10 level 

9.1.3.2. All SIM QC reported (blank surrogates, sample surrogates, LCS and 
MS/MSD) 

The Quality Control measures defined for this method are summarized in Table I 

TABLE I 

t 

QC Type 

Intemal Standards 

Surrogate 

Frequency 

each sample 

each sample 
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Matrix spike/spike duplicate 

T aboratory Control Sample 

Method Blank 

1 set per analytical batch or every 20 samples -
which ever is most frequent 

1 or 2 per analytical batch or every 20 samples -
which ever is most frequent* 

1 per analytical batch 

*See Section 9.3. 

9.2, Method Blank 

9.2.1. The method reagent water is analyzed with each analytical batch not 
exceeding 20 samples. 

9.2.2. Due to the low level nature of this analysis, low level contamination of target 
analytes is routinely encountered. All target compounds should be below the 
reporting limits presented in Table n. Target analytes that are detected above 
the reporting limit in the blank must be flagged on any associated sample's 
report with a "B" qualifier. 

9.3. Matrix Spike and Spike Duplicate Analyses 

9.3.1. Samples designated for matrix spike analysis are spiked as described in 
section 7.4. 

m 

9.3.2. The laboratory will perform a matrix spike/ spike duplicate pair of QC 
samples for each analytical batch not exceeding 20 samples. 

9.4. Laboratory Control Samples 

9.4.1. A Laboratory Control Sample (LCS) is spiked as described in section 7.4. and 
analyzed with each analytical batch not exceeding 20 samples. Note: If PAH-
SIM and 8270C are prepared together, then 2 LCS's are prepared - one spiked 
with 50 |xL 1 to IL , the other with 500 \xL to IL. 

9.4.2. The LCS results are compared to interum limits of 30 to 130% until sufficient 
data is available to established spike recovery limits. 

9.5. Intemal Standards m 
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9,5.1. The intemal standards are monitored in all field samples and QC samples. 
The internals standards areas should be between 50% and 200% of the 
standard area. 

9.6. QC Acceptance Criteria 

9.6.1. Control limits are established by the laboratory as described in NC-QA-0018. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Initial Calibration - A minimum of five point calibration sequence in analyzed 
demonstrating the calibration range of the analysis. The standard concentrations used 
to constmct the curve are a minimum of 5 points selected from 0.1, 0.2, 0.5,1.0, 2.0, 
5.0, 10.0 ug/mL. The percent RSD for all TCL-PAHs must be less than 35%. Any 
additional compounds requested are excepted from this criteria due to possible poor 
response by this method (e.g.. phenols, or other TCL compounds.) A minimum 
response factor criteria for these analytes has been set at 0.010, The minimum 
response factor TCL- PAH analytes is set at 0.100. 

10.2. Continuing Calibration - A continuing calibration check is analyzed at any mid-level 
std. every 12 hours of instrument operation. The percent difference between the 
response factor from the continuing calibration and the average response factor from 
the curve must be within 35% for each analyte. As in the initial calibration, any 
additional compounds are excepted from this criteria. The criteria for these 
compounds is a minimum response factor of 0.010. The minimum response factor for 
TCL- PAH analytes is set at 0.100. 

11. PROCEDURE 

11.1. One time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample matrix, 
radioactivity, chemistry, sample size, or other parameters. Any variation in procedure 
shall be completely documented using a Nonconformance Memo and is approved by a 
Technical Specialist and QA Manager. If contractually required, the client shall be 
notified. The Nonconformance Memo shall be filed in the project file. 

11.2. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

11.3. Sample Extraction 
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11.3.1. Refer to SOP CORP-OP-OOOlNC for sample preparation. 

11.4. Sample Analysis 

11.4.1. All samples are analyzed within 12 hours of the calibration standard injection 
time. 

11.4.2. An aliquot on the intemal standard solution is transferred to the sample vial to 
produce a final intemal standard concentration of 0.8 |ig/mL in the sample 
extract. 2 |iL aliquots are injected into the gas chromatograph using the 
following, or equivalent, conditions. 

Injector Temperature 
Column Head Pressure Program 
Source Temperature 
Initial Oven Temperature 
Initial Hold Time 
Ramp Rate 
Final Temperature 

275 °C 
20 psi for 0.5 min. 

300°C 
40 °C 

2 minute 
12 °C /minute 

325 °C 

11.4.3. The mass spectrometer is operated in the selected ion monitoring (SIM) mode 
using appropriate mass windows to include the quantitation and confirmation 
masses for each PAH as shown in table I. 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. Qualitative Analysis 

% 

^P 
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12.1.1. Specific mass chromatographic plots are printed for each target analyte, 
intemal standard compound and surrogate compound that meet the established 
retention time and chromatographic criteria. 

12.1.2. The characteristic masses of each analyte of interest must maximize within 
0.075 minutes of each other. 

12.1.3. The retention time of each analyte of interest must be detected within ± 10 
seconds from the analytes retention time in the standard. 

12.1.4. The relative peak areas of the primary ion compared to the secondary ion must 
be within ± 30% of the expected ion ratio from the standard. 

12.1.5. In some instances a compound that does not meet the above criteria may be 
determined to be a positive result based upon the interpretation of the mass 
spectroscopist. In these instances, the analysts reasoning will be documented 
in the data package and peer reviewed prior to reporting. 

12.1.6. Structural isomers that produce similar mass spectra and have less than 30 
seconds difference in retention time, may be separately identified only if the 
resolution between authentic isomers in a standard mix is acceptable. 
Acceptable resolution is achieved if the baseline to valley height between the 
isomers is less than 25% of the sum of the two peaks heights. Structural 
isomers not meeting this criteria are identified and reported as isomeric totals. 
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12.2. Quantitative Analysis 

12.2.1. The following formula is used to calculate the response factors of the intemal 
standard to each of the calibrated standards: 

^ ^ ^ A s x C i s 

V Ais X Cs 

where: 
As = Area of the primary ion for the analyte being measured 
Ais = Area of the primary ion for the intemal standard 
Cis = Concentration of the intemal standard, (\ig/mL) 
Cs = Concentration of the analyte being measured, (|xg/mL). 

12.2.2. Sample extract concentrations for each analyte being measured is calculated 
using the following formula: 

_ , As X Is 
Ce = AisxRF % 

where: 
Ce = Sample extract concentration, ((xg/mL) 
As = Area of the primary ion of the analyte being measured 
Ais = Area of the primary ion of the intemal standard 
Is = Amount of intemal standard added to the sample extract, (ng/mL) 
RF = Average RF from the initial calibration. 

12.3. The sample concentration is calculated using the following formula: 

VE 
C = Cex 

Vs 

where: 
C = Concentration in the sample (pg/L) 
VE = The final extract volume (mL) 
Vs = The original volume of the sample extracted (L) 
Ce = The sample extract concentration (pg/mL). 

• 
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13. METHOD PERFORMANCE 

13.1. Target Analyte Lists 

The routine PAH analytes that are listed have been validated for this method are listed 
in Table H. 

13.2. Training Requirements 

13.2.1. This method is to be performed only by analysts that have been trained in the 
specialized technique and have demonstrated the ability to produce Laboratory 
Control Sample results within the established QC limits, 

13.2.2. The analytical area group leaders have the responsibiUty to ensure that this 
procedure is performed by associates who have been properly trained in the 
use of these procedures and has the proper experience. 

14. POLLUTION PREVENTION 

Minimize the amount of solvent used for the solvent rinse steps for glassware preparation 
(section 11.3.1). The solvent rinse volume may be sequentially transferred from one 
extractor to the next during the rinse procedure, 

15. WASTE MANAGEMENT 

The sample and extract waste generated by this procedure must be segregated and disposed 
according to the facility hazardous waste procedures. The Environmental Health and Safety 
Director should be notified if accidents or injuries occur during the use of this procedure. 

16. REFERENCES 

16.1. STL hic, SOP CORP-OP-OOOlNC 

16.2. Test Methods For Evaluating Solid Waste, Physical/Chemical Methods, SW-846, 3rd 
Edition, Methods 35IOC, 3520C, 3540C, 3550B, 8270C and 8280A. 

16.3. Associated SOP 

16.3.1. Statistical Evaluation of Data and Development of Control Charts, NC-QA-
0018. 
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17. MISCELLANEOUS (TABLES, APPENDICES, ETC..) 

17.1. Table I: Target Compounds - Primary and Secondary Mass Ions 

17.2. Table H: Reporting Limits and CAS Numbers 

17.3. Appendix I: Sample Preparation Flow Chart 

17.4. Appendix II: Sample Analysis Flow Chart 

• 

% 



Appendix I: 
Target Compounds 

SOP No. NC-MS-0015 
Revision No. 0 
Revision Date: 10/16/00 
Page 14 of 17 

Table I: Target Compounds - Primary (!') and Secondary (2') Mass Ions 

Compound 

Naphthalene 

Acenaphthylene 

Acenapthene 

Euorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

Benzo(a)anthracene 

Chrysene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno(l ,2,3-cd)pyrene 

Dibenz(a,h)anthracene 

Benzo(g,h,i)perylene 

Pentachl orophenol 

2-methylnaphthaIene 

1-methylnaphthalene 

2- Chloronaphthalene 

Carbazole 

Dibenzofuran 

r 
128 

152 

154 

166 

178 

178 

202 

202 

228 

228 

252 

252 

252 

276 

278 

276 

266 

141 

141 

162 

167 

168 

2' 

102 

151 

153 

165 

176 

176 

200 

200 

226 

226 

250 

250 

250 

274 

279 

274 

264 

115 

115 

127 

166 

139 
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Table II: Reporting Limits and CAS Numbers 

Compound 

Naphthalene 

Acenaphthene 

Acenapthene 

Fluorene 

Phenanthrene 

Anthracene 

Fluoranthene 

Pyrene 

Benzo(a)anthracene 

Chrysene 

Benzo(b)fluoranthene 

Benzo(k)fluoranthene 

Benzo(a)pyrene 

Indeno( 1,2,3-cd)pyrene 

Dibenz(a,h)anthracene 

Benzo(g,h,i)perylene 

Pentachlorophenol 

2-methylnaphthalene 

1-methylnaphthalene 

2- Chloronaphthalene 

Carbazole 

Dibenzofuran 

CAS# 

91-20-3 

208-96-8 

83-32-9 

86-73-7 

85-01-8 

120-12-7 

206-44-0 

129-00-0 

56-55-3 

218-01-9 

205-99-2 

207-08-9 

50-32-8 

193-39-5 

53-70-3 

191-24-2 

87-86-5 

91-57-6 

90-12-0 

91-58-7 

86-74-8 

132-64-9 

Soil RL in 
UgA. 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

10 

7 

7 

7 

7 

7 

Water RL 
in Ug/L 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

1.0 

0.2 

0.2 

0.2 

0.2 

0.2 

• 
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Appendix I; Sample Preparation Flow Chart 
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Appendix II; Sample Analysis Flow Chart 
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SCOPE AND APPLICATION 

1.1. This SOP describes the application of the Toxicity Characteristic Leaching Procedure 
(TCLP), SW846 Method 1311. The Toxicity Characteristic (TC) of a waste material is 
established by determining the levels of 8 metals and 31 organic chemicals in the 
aqueous leachate of a waste. TTie TC is one of four criteria in 40 CFR Part 261 to 
determine whether a solid waste is classified as a hazardous waste. The other three 
are corrosivity, reactivity and ignitability. The TC Rule utilizes the TCLP method to 
generate the leachate under controlled conditions that were designed to simulate 
leaching through a landfill. EPA's "worst case" waste disposal model assimies 
mismanaged wastes vn\l be exposed to leaching by the acidic fluids generated in 
municipal landfills. The EPA's model also assumes the acid/base characteristics of the 
waste will be dominated by the landfill fluids. The TCLP procedure directs the testing 
laboratory to use a more acidic leaching fluid if the sample is an alkaline waste, again 
in keeping with the model's assumption that the acid fluids will dominate leaching 
chemistry over time. 

1.2. The specific list of TC analytes and regulatory limits may be foimd in Appendix A. 

Note: The list in Appendix A does not include the December 1994 EPA rule for 
Universal Treatment Standards for Land Disposal Restrictions. Those 
requirements include 216 specific metallic and organic compoimds and, in 
some cases, lower detection limit requirements (see 40 CFR 268.40). TCLP 
leachates are part of the new Universal Treatment Standards, but the 
conventional analytical methods will not necessarily meet the new regulatory 
limits. Consult with the client and with STL Teclmical Specialists before 
establishing the instrumental methods for these regulations. 

1.3. This SOP also describes the application of the Synthetic Precipitation Leaching 
Procedure (SPLP) which was designed to simulate the leaching that would occur if a 
waste was disposed in a landfill and exposed only to percolating rain water. The 
procedure is based on SW846 Method 1312. The list of analytes for SPLP may extend 
beyond the toxicity characteristic compoimds shown in Appendix A. With the 
exception of the use of a modified extraction fluid, the SPLP and TCLP protocols are 
essentially equivalent. Where slight differences may exist between the SPLP and 
TCLP they are distinguished within this SOP. 

% 

1.4. The procedure is applicable to liquid, solid, and multiphase wastes. 

1.5. The results obtained are highly dependent on the pH of the extracting solution, the f B f t 
length of time that the sample is exposed to the extracting solution, the temperature ^ ^ 
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during extraction, and the particle size/surface area of the sample. These parameters 
must be carefially controlled. 

1.6. The reporting limits are based on the individual samples as well as the individual 
analysis techniques. However, the sample is determined to be hazardous if it contains 
any analyte at levels greater than or equal to the regulatory limits. 

1.7. If a total analysis of the waste demonstrates that individual analytes are not present in 
the waste, or that they are present but at such low concentrations that the appropriate 
regulatory levels could not possibly be exceeded, the procedure need not be run. If the 
total analysis results indicate that TCLP is not required, the decision to cease TCLP 
analysis should be remanded to the client. 

1.8. If an analysis of any one of the liquid fractions of the procedure leachate indicates that 
a regulated compound is present at such a high concentration that, even after 
accounting for dilution from the other fractions of the leachate, the concentration 
would be equal to or above the regulatory level for that compound, then the waste is 
hazardous and it may not be necessary to analyze the remaining fractions of the 
leachate. However, the remaining analyses should not be terminated without the 
approval of the client. 

1.9. Volatile organic analysis of the leachate obtained using a bottle extraction, normally 
used for extractable organics and metals, can be used to demonstrate that a waste is 
hazardous, but only the ZHE option can be used to demonstrate that the concentration 
of volatile organic compounds is below regulatory limits due to potential analyte loss 
into the headspace during the bottle extraction. 

2. SUMMARY OF METHOD 

2.1. For liquid wastes that contain less than 0.5% dry solid material, the waste, after 
filtration through 0.6 to 0.8 pm glass fiber filter, is defined as the TCLP leachate. 

2.2. For wastes containing greater than or equal to 0.5% solids, the liquid, if any, is 
separated from the solids and stored for later analysis or recombination with the 
leachate. The particle size of the remaining solid phase is reduced, if necessary. The 
solid phase is extracted with an amount of extraction fluid equal to 20 times the weight 
of the solid phase. For TCLP, the extraction fluid employed for extraction of non
volatile analytes is a fimction of the alkalinity of the solid phase of the waste. For 
SPLP, the extraction fluid employed is a fimction of the region of the country where 
the sample site is located if the sample is a soil. If the sample is a waste or wastewater 
the extraction fluid employed is a pH 4,2 solution. Two leachates may be generated: 
a) one for analysis of non-volatile constituents (semi-volatile organics, pesticides, 
herbicides and metals and/or b) one from a Zero Headspace Extractor (ZHE) for 
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analysis of volatile organic constituents. Following extraction, the liquid leachate is 
separated from the solid phase by filtration through a 0.6 to 0.8 ^m fiber filter. 

2.3. If compatible (i.e., multiple phases will not form on combination), the initial liquid 
filtrate of the waste is added to the liquid leachate and these are prepared and analyzed 
together. If incompatible, the liquids are analyzed separately and the results are 
mathematically combined to yield a volume-weighted average concentration. 

3. DEFINITIONS 

3.1. "Leachate" is used to refer to the solutions generated from these procedures (TCLP, 
SPLP, deionized water leach). 

3.2. "Wet Solids" is that fraction of a waste sample from which no liquid may be forced out 
by pressure filtration. 

INTERFERENCES 

4.1. Oily wastes may present unusual filtration and drying problems. If requested by the 
client and as recommended by EPA (see Figure 3), oily wastes can be assumed to be 
100% liquid and analysis for total concentrations of contaminants vAU be performed. 
This applies specifically to samples containing viscous non-aqueous liquids that would 
be difficult to filter. Alternately, the oil may be subjected to pressure filtration. The 
portion that passes through the filter will be prepared and analyzed separately as an 
organic waste. The "wet solid" portion that remains behind on the filter wall be 
subjected to leaching, prepared and analyzed. The results will then be mathematically 
combined. 

4.2. Wastes containing free organic liquids (e.g., oil, paint thinner, fuel) usually require 
dilution prior to analysis to address the matrix interferences. In most instances this 
results in reporting limits elevated above the TCLP regulatory limits. 

4.3. Solvents, reagents, glassware and other sample processing hardware may yield artifacts 
and/or interferences to sample analysis. All these materials must be demonstrated to 
be free from interferences under the conditions of the analysis by analyzing method 
blanks as described in Section 9 and the individual determinative SOPs. 

4.4. Glassware and equipment contamination may result in analyte degradation. Soap 
residue on glassware and equipment may contribute to this. All glassware and 
equipment should be rinsed very carefully to avoid this problem. 

4.5. Phthalates may be eliminated by proper glassware cleanup and by avoiding plastics. 
Only glass. Teflon or Type 316 stainless steel tumblers may be used for leachates to be 

• 

• 
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analyzed for organics. Plastic tumblers may be used for leachates to be analyzed for 
the metals. 

4.6. Overexposure of the sample to the environment will result in the loss of volatile 
components. 

4.7. Potential interferences that may be encountered during analysis are discussed in the 
individual analytical methods. 

5. SAFETY 

5.1. Procedures shall be carried out in a maimer that protects the health and safety of all 
STL associates. 

5.2. Eye protection that satisfies ANSI Z87.1 (as per the Chemical Hygiene Plan), 
laboratory coat, and appropriate gloves must be worn while samples, standards, 
solvents, and reagents are being handled. Disposable gloves that have been 
contaminated will be removed and discarded; other gloves will be cleaned 
immediately. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have not 
been fiilly defined. Additional health and safety information can be obtained from the 
Material Safety Data Sheets (MSDS) maintained in the laboratory. The following 
specific hazards are known: 

5.3.1. Chemicals that have been classified as carcinogens, or potential carcinogens, 
under OSHA include: 
Methylene chloride 

5.3.2. Chemicals known to be flammable are: 
Methanol 

5.3.3. The following materials are known to be corrosive: 
Hydrochloric acid, nitric acid, sulfiiric acid, acetic acid, sodium hydroxide 

5.3.4. The following materials are knovm to be oxidizing agents: 
Nitric Acid. 

5.4. Gas pressurized equipment is employed in this procedure. Be sure all valves and 
gauges are operating properly and that none of the equipment, especially tubing, is 
over-pressurized. CAUTION: Do not open equipment that has been pressurized until 
it has returned to ambient pressure. 
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5.5. A rotary agitation apparatus is used in this procedure. Certain samples may break the 
glass jars used in the procedure. For these samples, extra caution, including plastic or 
polyethylene overwraps of the glass jar, may be necessary. Turning the jar or bottle 
sideways rather than tumbling end over end may also reduce the chance of breakage. 
If sideways tumbling is used, note this change in the logbook comment section. 

5.6. Secure tumbler and extraction apparatus before starting rotary agitation apparatus. 

5.7. During sample rotation, pressure may build up inside the bottle. Periodic venting of 
the bottle will relieve pressure. 

5.8. Exposure to hazardous chemicals must be maintained as low as reasonably achievable, 
therefore, unless they are known to be non-hazardous, all samples must be opened, 
transferred and prepared in a fume hood, or under other means of mechanical 
ventilation. Solvent and waste containers will be kept closed unless transfers are being 
made. 

5.9. The preparation of standards and reagents and glassware cleaning procedures that 
involve solvents such as methylene chloride will be conducted in a fume hood with the 
sash closed as far as the operation will permit. 

5.10. All work must be stopped in the event of a known or potential compromise to the 
health and safety of a STL associate. The situation must be reported immediately to a 
laboratory supervisor. 

5.11. Due to the potential for ignition, flammability or production of noxious fiimes, do not 
attempt to dry non-aqueous liquid samples in an oven. Use extended drying in a 
ventilation hood. 

6. EQUIPMENT AND SUPPLIES 

6.1. Extraction vessels 

% 

6.1.1. For volatile analytes - zero-headspace extraction (ZHE) vessel, gas-pressure 
actuated, Millipore YT3009OHW or equivalent (see Figure 2). 

6.1.2. For metals - either borosilicate glass jars (2.5 L, with Teflon lid inserts) or 
2.5 L HDPE (Nalgene or equivalent) bottles may be used. 

6.1.3. For non-volatile organics - only borosilicate glass may be used. 

6.2. Vacuum filtration apparatus and stainless steel pressure filtration apparatus (142 mm 
diameter), capable of 0 - 50 psi. 

» 
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6.3, Borosilicate glass fiber filters, 0.6 - 0.8 |am (Whatman GF/F 14.2 cm, 9.0 cm, 4,7 cm, 
0.7 îm or equivalent). When analyzing for metals, wash the filters with 1 N nitric acid 
and de-ionized water prior to use, or purchase pre-washed filters. Glass fiber filters 
are fragile and should be handled with care. 

6.4, Rotary agitation apparatus, multiple-vessel. Associated Design and Manufacturing 
Company 3740-6 or equivalent (see Figure 1). The apparatus must be capable of 
rotating the extraction vessel in an end-over-end fashion at 30 ± 2 rpm. 

6.5, ZHE Extract Collection Device: Gas-tight syringes, 50 or 100 mL capacity, Hamilton 
0158330 or equivalent. 

6.6, Top loading balance, capable of 0 - 4000 ± 0.0Ig (all measurements are to be within ± 
0,1 grams). 

6.7, pH meter and probe capable of reading to the nearest 0,01 unit, and with automatic 
temperature compensation, 

6.8, pH probes. 

6.9, Magnetic stirrer/hotplate and stirring bars. 

6.10, VOA vials, 40 mL, v̂ dth caps and septa. 

6.11, Glass bottles, 1 liter, wdth Teflon lid-inserts. 

6.12, Nalgene plastic bottles or equivalent, 1 liter. 

6.13, Miscellaneous laboratory glassware and equipment. 

7. REAGENTS AND STANDARDS 

7.1, Reagent water for non-volatile constituents must be produced by a Millipore DI system 
or equivalent. For volatile constiments, water must be passed through an activated 
carbon filler bed (Milli-Q or tap water passed through activated carbon). Reagent 
water must be free of the analytes of interest as demonstrated through the analysis of 
method blanks. 

7.2. Hydrochloric acid, 1 N: Carefully add 83 mL concentrated reagent grade HCl to 800 
mL reagent water, cool and dilute to 1 liter with reagent water. Cap and shake to mix 
well. 
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7.3. Sodium hydroxide, I N: Carefiilly add 40 g reagent grade NaOH pellets to 800 mL 
reagent water, stir until the pellets are completely dissolved, cool and dilute to 1 liter 
with reagent water. 

CAUTION: Heat is generated during this process. 

7.4. Acetic acid, glacial: concentrated, reagent grade liquid (HOAc). 

7.6. pH calibration solutions: buffered to a pH of 4, 7, and 10. Commercially available. 

7.5. TCLP Leaching Fluids 

7.5.1. General Comments 

7.5. I.l.The pH of both solutions listed below should be mom'tored daily and 
the pH probes are to be calibrated prior to use. 

7.5.1.2.The leaching fluids MUST be prepared correctly. If the desired pH 
range is not achieved and maintained, the TCLP may yield erroneous 
results due to improper leaching. If the pH is not within the 
specifications, the fluid must be discarded and fresh extraction flm'd 
prepared. 

7.5.1.3.Additional volumes of extraction fluids listed below may be prepared 
by multiplying the amounts of acetic acid and NaOH by the nmnber of 
liters of extraction fluid required. 

7.5.2. TCLP Fluid #1: Carefully add 5.7 mL glacial acetic acid and 64.3 mL of 1 N 
NaOH to 500 mL reagent water in a I liter volumetric flask. Dilute to a final 
volume of 1 L with reagent water, cap and shake to mix well. For 8 L of fluid 
use 45.6 mL glacial acetic acid and 514 mL IN NaOH, dilute to 8 L with 
reagent water. When correctiy prepared, the pH of this solution is 4.93 ± 0.05. 
The density of TCLP fluid #1 is 0.997 g/mL. 

7.5.3. TCLP Fluid #2: Carefully add 5.7 mL glacial acetic acid to 500 mL reagent 
water in a 1 liter volumetric flask. Dilute to a final volume of 1 L with reagent 
water, cap and shake to mix well. For 8 L of fluid use 45.6 mL glacial acetic 
acid, dilute to 8 L with reagent water. When correctly prepared, the pH of this 
solution is 2.88 ± 0.05. The density of TCLP fluid #2 is 0.997 g/mL. 

7.6. Nitric acid, 50% solution: Slowly and carefiilly add 500 mL concentrated HNO3 to 
500 mL reagent water. Cap and shake to mix well. 

m 
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7.7. Sulfiiric acid / nitric acid (60/40 weight percent mixture) H2SO4/HNO3. Cautiously 
mix 60 g of concentrated sulfuric acid with 40 g of concentrated nitric acid. 

7.8. SPLP Leaching fluids 

7.8.1. SPLP solutions are unbuffered and exact pH may not be attained. The pH of 
TCLP and SPLP fluids should be checked prior to use. If not within 
specifications, the fluid should be discarded and fresh fluid prepared. 

7.8.2. SPLP fluid #1: Add 60/40 weight percent mixture of sulfuric and nitric acids 
to reagent water until the pH is 4.20 ± 0.05 This fluid is used for soils from a 
site that is east of the Mississippi River and for wastes and wastewaters. 

7.8.3. SPLP fluid #2: Add 60/40 weight percent mixture of sulfuric and nitric acids 
to reagent water until the pH is 5.00 ± 0.05. This fluid is used for soils from a 
site that is west of the Mississippi River. 

7.8.4. SPLP fluid #3: This fluid is reagent water and is used for leaching of volatiles. 
Additionally, any cyanide-containing waste or soil is leached with fluid #3 
because leaching of cyanide confaim"ng samples under acidic conditions may 
result in the formation of hydrogen cyanide gas. 

7.9. Methanol and methylene chloride - used to aid in cleaning oil contaminated 
equipment. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Samples being analyzed for non-volatile orgam'c compounds should be collected and 
stored in glass containers with Teflon lid liners. Chemical preservatives shall NOT be 
added UNTIL AFTER leachate generation. 

8.2. Samples being analyzed for metals only can be collected in either glass or polyethylene 
containers. 

8.3. When the waste is to be evaluated for volatile analytes, care should be taken to 
minimize the loss of volatiles. Samples shall be collected and stored in a maimer 
intended to prevent the loss of volatile analytes (e.g., samples should be collected in 
Teflon lined septum capped vials with minimal headspace and stored at 4 ± 2°C). 
Samples should be opened only immediately prior to extraction. 

8.4. Samples should be refrigerated to 4 ± 2°C unless refrigeration results in irreversible 
physical changes to the waste. If precipitation occurs, the entire sample (including 
precipitate) should be extracted. 
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8.5. The minimum TCLP sample collection size is determined by the physical state or 
states of the waste and the analytes of concern. The amount of waste required varies 
with the percent solids. The lower the percent solids, the more waste will be required 
for preliminary and final testing. For aqueous samples containing between 0.5 and 
10% solids, several kilograms of sample are required to complete the analyses. The 
general minimal requirements when the samples are 100% solids include: 1 - 32 ozjar 
for semi-volatile organic analysis and metals, and 1 - 4 ozjar for volatile organic 
analysis. Low density sample materials, such as rags or vegetation, will require larger 
volumes of sample. For liquid samples (less than 50% solids), mim'mum requirements 
are 2 - 3 2 ozjars for semi-volatile organic analysis and metals, and 2 - 8 ozjars for 
volatile organic analysis. If volatile organic analysis is the only requested parameter, 2 
separate jars are required. If matrix spike or duplicate control samples are requested, 
additional sample volume is required. If sufficient sample volumes were not received, 
analyses carmot be started and the client should be notified as soon as possible. 

8.6. TCLP leachates should be prepared for analysis and analyzed as soon as possible 
following extraction. Leachates or portions of leachates for metallic analyte 
determinations must be acidified wnth nitric acid to a pH less than 2, unless 
precipitation occurs. If precipitation occurs upon addition of nitric acid to a small 
aliquot of the leachate, then the remaining portion of the leachate shall not be acidified 
and the leachate shall be analyzed as soon as possible. All other leachates should be 
stored under refrigeration (4 ± 2°C) until analyzed. ZHE leachates must be stored in 
VOA vials filled to eliminate all headspace. 

8.7. Samples are subject to appropriate treatment within the follov^ng time periods: 

Parameter 

Volatiles: 

Semi-volatiles: 

Mercury: 

Other Metals: 

Table 1 - Holding Times (days) 

Collection to 
Start of TCLP 

Leach 

14 

14 

28 

180 

End of TCLP 
Tumble to 
Preparation 

N/A 

7 

N/A 

N/A 

Start of TCLP Leach 
or Semi- volatile 
Prep Extraction to 

Analysis 

14 

40 

28 

180 

Total Elapsed 
Time 

28 

61 

56 

360 

NOTE: The initial holding time is measured from date of collection to date TCLP extraction started. (This should be the 
TCLP extraction date in QuanTims.) Semi-volatile method prep holding time is measured from the day tumbling is complete 
to the start of method extraction. Subsequent analysis holding times are measured from the date extraction (TCLP or method 
prep) starts. If sample holding times are exceeded, the values obtained will be considered minimal concentrations. 
Exceeding holding times is not acceptable in establishing that a waste does not exceed the regulatory level. Exceeding the 
holding time will not invalidate characterization if the waste exceeds the regulatory limit The Total Elapsed Time is to be 
used as guidance. If preps are initialed at the last possible moment of a holding time, the elapsed times may be exceeded. 
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# 

0 

9. QUALITY CONTROL 

9.1. Quality Control Batch (QC Batch) - QA-003 defines a QC Batch as a set of up to 20 
field samples of similar matrix that behave similarly and are processed using the same 
procedures, reagents and standards within the same time period. The same lot of 
reagents must be used within a batch. A minimum of one TCLP extraction blank 
(Method Blank), one Laboratory Control Sample (LCS), one Matrix Spike (MS), and 
one Matrix Spike Duplicate (MSD) will be prepared with each TCLP leachate batch. 

9.2. TCLP Extraction Blanks - A minimum of one blank (using the same extraction fluid as 
used for the samples) must be prepared and analyzed for every batch of samples 
extracted in a particular vessel type. The blanks are generated in the same way as the 
samples (i.e., blanks will be mmbled and filtered with the samples). ZHE Extraction 
vessels will be uniquely numbered. Consult the STL QC Program and the individual 
analysis SOPs for blank acceptance criteria. 

9.3. Laboratory Control Sample (LCS) - A LCS is required with each batch of 20 or fewer 
samples. The LCS shall be generated after a batch of TCLP leachates have been 
generated (i.e., at the time of the preparative digestion or extraction) by spiking an 
aliquot of the appropriate extraction fluid used for that batch or reagent water. Consult 
the individual analysis SOPs for additional LCS guidance (i.e., spike amoimts, spike 
levels, recovery criteria, etc.). 

9.4. Matrix Spike (MS/MSD) - Matrix spikes are used to monitor the performance of the 
analytical methods on the matrix and to assess the presence of interferences. A 
MS/MSD pair are required with each batch of 20 or fewer samples. 

9.4.1. Matrix spikes are to be added after filtration of the TCLP leachate. Spikes are 
not to be added prior to the TCLP leaching. For metals, matrix spikes are to be 
added before preservation with nitric acid. 

9.4.2. Consult the individual analysis SOPs for additional guidance on spike 
compounds and levels. 

9.5. Corrective Actions 

9.5.1. Consult the STL QC Program and individual analysis SOPs for corrective 
action for blanks and LCS 

9.5.2. Method of Standard Additions (MSA) shall be used for metals if all of the 
following conditions are met: 
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• Recovery of the analyte in matrix spike is not at least 50%, 

• the concentration of the analyte does not exceed the regulatory level, and 

• the concentration of the analyte measured in the sample is within 20% of the 
appropriate regulatory level. 

If the matrix spike recovery is 5% or less due to dilution or matrix interference, 
contact the project manager and client for guidance. The client should also be 
contacted prior to initiation of any MSA steps. Refer to the individual analysis 
SOPs for details on how to perform MSA analysis. 

10. CALIBRATION AND STANDARDIZATION 

10.1. Refer to appropriate analysis SOPs. 

11. PROCEDURE 

11.1. GENERAL COMMENTS 

m 

11.1.1. One-time procedural variations are allowed only if deemed necessary in the 
professional judgment of supervision to accommodate variation in sample 
matrix, radioactivity, chemistry, sample size, or other parameters. Any 
variation in procedure shall be completely documented on a Nonconformance 
Memo kept in the project file and described in the final report. The variation 
must be approved by a project manager. Technical Specialist and QA Manager. 
Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

11.1.2. All masses should be recorded to the nearest O.I g. 

11.2. PRELIMINARY SAMPLE EVALUATIONS (Refer to Flow Chart #1, Appendix D) 

11.2.1. Determine the total volume of TCLP leachate (solid phase leachate + liquid 
filtrate) that needs to be generated for analysis according to the follov^ng: 

Table 2. Recommended TCLP Leachate Volume 

% 

Analysis 

Volatiles 

Semi-volatiles 

TCLP Required 
Volume 

(mL) 

3 x 4 0 

500 

SPLP Required 
Volume 

(mL) 

3 x 4 0 

1000 
% 
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Pesticides 

Herbicides 

Metals 

500 

500 

300 

1000 

1000 

300 

11.2.1.1. For TCLP and SPLP samples used for matrix spike and matrix 
spike duplicate analysis, two to three times the listed volumes are 
required. 

11.2.2. Sample Description (determine sample matrix) 

11.2.2.1 .Solid - If the waste will obviously yield no free liquid when subjected 
to pressure filtration , then proceed to Section 11.2.5 or 11.4 (Bottle 
Extraction Procedure or ZHE Procedure). 

11.2.2.2.Liquid - If the sample is a monophasic liquid, proceed to Section 
11.2.3 (Percent Solid Determination). 

11.2.2.3. Multiphasic - The sample has discernible layers (liquid/liquid or 
liquid/solid). If more than one container of multi-phasic materials is 
received from the field, each container might show different amounts of 
each phase. Consult client to determine sample selection alternatives 
(composite all sample containers, select one, resample, etc.) if this 
occurs. 

11.2.3. Solids Determination 

11.2.3.1.Determine Type of Filtration Apparatus and Process 

11.2.3.1.1.Percent Solids and ZHE Extractions - The ZHE filtration 
apparams cannot accurately determine percent solids less than 
5%. If an extraction is to be performed solely for volatile 
organic compounds and the percent solids concentration is 
apparently greater than 5%, proceed to Section 11.4 (ZHE 
Exfraction Procedure, Volatile Constituents). Otherwise, 
continue with Section 11.2,3,2, The aliquot of sample used here 
caimot be used again for the ZHE extraction. 

11.2.3.1.2.If the sample is mostly a non-viscous liquid (water or non-
viscous orgam'c liquid) of low solids content (expected to be < 
0.5%) , vacuum filtration should be used initially. Proceed to 
determination of percent dry solids (Section 11.2.3.2) 
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11.2.3.1.3.If the sample is viscous (sludge, oil, or is expected to have 
solids content > 0.5%), use pressure filtration. Proceed to 
detemiination of wet solids (Section 11.2.3.3). 

11.2.3.2.Determination of percent dry solids 

11.2.3.2.1 .Measure and record the weight of the filter. Load the filter 
into the filter holder and assemble vacuum filter apparatus. 

11.2.3.2.2.Homogenize the waste, then transfer 100 g subsample to a 
glass beaker. Record the sample weight in the percent dry solids 
section of the logbook. 

11.2.3.2.3.Tum on vacuum source. Transfer the sample to the vacuum 
filtration device attempting to spread the waste sample evenly 
over the surface of the filter. Be sure to transfer all particulates 
from the beaker to the filter. Use a reagent water rinse if 
necessEiry. 

11.2.3.2.4.Once all liquid has been pulled though the filter, remove the 
filler with the wet solids from the vacuum filtration apparatus. 

11.2.3.2.5.Dry the fiher and solid phase at 100 ± 20 " C for 
approximately 15 minutes. 

11.2.3.2.6.Remove the filter from the oven and allow to cool in a 
desiccator. 

11.2.3.2.7.Weigh and record the dry weight of filter + particulates. 

11.2.3.2.8.Calculate and record the percent dry solids. 

11.2.3.2.9.1f the percent dry solids is > 0.5%, repeat the drying step. 
Weigh and record the second filter + particulates dry weight. If 
the two weighings do not agree within 1%, perform additional 
drying and weighing until successive weighings agree within 
1%. 

% 

11.2.3.2.10.If die dry solids result is > 0.5%, proceed to Section 
11.2.3.3 using a fresh wet portion of the multiphase waste. 

11.2.3.2.11 .If the percent solids result is less than 0.5%, discard the 
solid phase. No leaching will be necessary. Filter sufficient 

% 
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sample with either the pressure filtration system or ZHE system 
as described in Sections 11.3 and 11.4. The filtrate is the TCLP 
leachate. 

11.2.3.3.Determination of wet solids 

11.2.3.3.1 .Assemble the pressure filtration apparatus (use blunt forceps 
to handle the 0.6 to 0.8 pm filter membrane), 

11.2.3.3.2.Homogenize the waste, transfer a minimum of a 100 mL 
subsample to the glass beaker. Measure and record the gross 
weight (logbook column A). 

11.2.3.3.3.Measure and record the tare weight of the filtrate collection 
bottle (logbook column D). 

11.2.3.3.4.Transfer the sample to the filtration device attempting to 
spread the waste sample evenly over the surface of the filter. 
Measure and record the tare weight of the empty glass beaker 
and any residual sample (logbook column B). 

11.2.3.3.5.Calculate and record the net weight of sample used for 
testing (logbook column C). 

11.2.3.3.6.Slowly apply gentie pressure of 10 psi to the filtration 
apparatus. Allow the sample to filter until no SIGNIFICANT 
additional liquid has passed through the filter during a 2 minute 
period. 

11.2.3.3.7.If necessary, repeat previous step by increasing the pressure 
in 10 psi increments until a maximum of 50 psi is reached. Stop 
the filtration when no additional filtrate is generated within a 2 
minute period. 

Note: Some samples will contain liquid material that does not 
filter (e.g., oil). Do not attempt to filter the sample again 
by exchanging filters. Viscous oils or any wastes which 
do not pass through the filter are classified by the method 
as a solid. 

11.2.3.3.8.Remove the filtrate collection bottle, weigh and record the 
gross weight (logbook column E). 
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11.2.3.3.9.Calculate and record the net weight of filtrate (logbook 
column F). This result will be used in the percent solids 
calculation. 

11.2.3.3.10.Pour the filtrate into an appropriately sized graduated 
cylinder. Measure and record the volume of the filtrate in the 
logbook. 

11.2.3.3.11 .Retain the filtrate for possible recombination with the 
leachate in Section 11.3.6. Retain the filter and wet solids for 
the leaching in Section 11.3. 

11.2.3.3.12.For multiphase sample preparations, calculate the total 

weight of wet solids and record the result in logbook column G. 

11.2.4. Particle-size Reduction for Fluid Selection 

11.2.4.1.The subsample used for fluid selection must consist of particles less 
than approximately 1 mm in diameter (versus the less than 1 cm ^jjfe^ 
requirement for the material used for the actual extraction). The method ^ R r 
requires a smaller particle size to partially compensate for the shorter 
duration of contact time with the leachate solution as compeu-ed to the 
fiill extraction. Inappropriate use of coeu-ser materials could result in the 
selection of the wrong fluid type. 

11.2.4.2. Surface area exclusion - size reduction is not required if the sample 
surface area is greater than or equal to 3.1 cm per gram. 

11.2.4.3.If the sample contains particles greater than approximately 1 mm in 
diameter, crush, cut, or grind the solids to the required size. 

11.2.4.4.Consult a supervisor or manager when dealing with unusual sample 
matrices (e.g., wood, cloth, metal, brick). 

11.2.5. Determination of Appropriate Extraction Fluid 

11.2.5.1.If the solid content is greater than or equal to 0.5%, and if the sample 
is being analyzed for metals or nonvolatile organic compounds, the type 
of leaching solution must be determined. 

11.2.5.2.Follow ti'mes, temperature, and particle size specified in this section as 
closely as possible. If reaction time between the acid solution and solid 

• 
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waste is too short or too long, the procedure may produce false pH 
readings. 

11.2.5.3.For SPLP, refer to Section 7.8 for fluid selection. Record the fluid 
type in the logbook. 

11.2.5.4.The TCLP leaching fluid for all volatiles is TCLP Fluid #1. 

11.2.5.5.TCLP leach fluid determination for non-volatile analytes 

11.2.5.5.1 .Calibrate the pH meter with fresh buffer solution in 
accordance with the pH SOP. 

11.2.5.5.2.Weigh out a 5.0 ± 0.1 g subsample (less than 1 mm particle 
size) of the solid phase into a glass container, and record in the 
logbook. Note: If sample quantity is limited, consult supervisor 
or manager. 

Note: Many multiphase samples have limited solids quantity . 
In these instances use a 5 g aliquot of the whole sample. 
Document this difference in the logbook comment section. 

11.2.5.5.3.Add 96.5 ± 1.0 mL of reagent water, cover wath a 
watchglass, and stir for 5 minutes. 

11.2.5.5.4.Measure and record the pre-test sample pH in the logbook. 

Note: To avoid damaging a glass pH probe when organic liquid 
is present, use narrow range pH indicator paper or an ISFET pH 
meter. 

11.2.5.5.5.If the pH is less than or equal to 5.0, use TCLP Fluid #1. 

1.1.1.1.6.If the fluid pH is greater than 5.0, add 3.5 mL 1 N HCl. 
Slurry the sample briefly. Clip thermometer to the inside edge 
of one sample in each pre-test sample group to monitor the 
temperature. All samples in the group must go on the hot plate 
at the same time in order for the temperature of the one 
monitored sample to represent the others. Heat to 50°C and 
maintain for 10 minutes. 

Note: The heating cycle is a critical step. If the solid waste does 
not remain in contact with the acidic solution under specified 
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time and temperature conditions, an erroneous pH may be 
measured. 

11.2.5.5.7.Cool to room temperature. 

11.2.5.5.8.Measure and record the pH immediately after the sample has 
reached room temperature. 

11.2.5.5.8.1 .If the pH is less than or equal to 5.0, use TCLP 
Fluid #1. Record the buffer in the logbook. 

11.2.5.5.8.2.If the pH is greater than 5.0, use TCLP Fluid #2. 
Record the buffer in the logbook. 

11.2.6. For samples requiring analysis for semi-volatile organics, pesticides, herbicides 
or metals proceed to Section 11.3. 

11.2.7. For samples requiring analysis for volatile organics (ZHE), proceed to Section 
11.4. 

11.3. BOTTLE EXTRACTION PROCEDURE: NON-VOLATELE CONSTITUENTS: 
SEMI-VOLATILES, PESTICIDES, HERBlCflDES, METALS (Refer to Flow Chart 
#2, Appendix D) 

11.3.1. Evaluate the solid portion of the waste for particle size. If it contains particles 
greater than 1 cm in size, prepare the solid portion of the waste for leaching by 
crushing, cutting, or grinding such that all particles are less than 1 cm in size 
(i.e., capable of passing through a 9.5 mm, 0.375 inch, standard sieve). Size 
reduction is not required if the sample surface area is greater than or equal to 
3.1 cm^ per gram. If particle size reduction was required, record this in 
comments column in logbook. 

11.3.1.1 .Consult your supervisor or manager when dealing with unusual 
sample matrices (e.g., wood, cloth, metal, brick). Scissors or shears 
may be used to cut cloth, plastic or sheet metal. Saws may be used for 
wood or solid metal. Determination of particle size reduction tools 
should take into account the requested analytes (e.g. avoid chromium 
steel tools when TCLP metals have been requested). Bricks, rocks, or 
other solids amenable to grinding may be subcontracted out for particle 
size reduction. (Contact PA or PM.) Note that size reduction to fine 
powder is not appropriate, and could invalidate results. If necessary, 
consult client for guidance. 

• 

• 
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11.3.2. Determine the minimum total volume of solid phase leachate that needs to be 
generated. Refer to Section 11.2.1. 

11.3.3. Use 100 g of solid unless sample quantity is limited. If limited sample, divide 
the total volume of solid phase leachate required by 20 to determine the 
minimum mass of solid phase required for leaching. Round this mass UP to 
the nearest 5g. Client must be notified if less than 100 g of solid material is 
used. 

Note: Solid phase material is often in limited quantity from multiphase 
samples. Generally all the 50//W phase material and the filter from Section 
11.2.3.3.11 are transferred to the leaching bottle 

11.3.4. Weigh the required mass of solid phase into an appropriate bottle (plastic for 
metals only, glass for all others) and slowly add 20 times its mass of 
appropriate leaching fluid (e.g., 100 g of sample would require 2000 mL of 
leaching fluid). Record the weight of the sample aliquoted for the extraction. 
Record the volume of extraction fluid added in the logbook if other than 2000 
mL. 

11.3.5. Ensure any effervescence has stopped before capping the bottle tightly. Secure 
in a rotary agitator and rotate end-over-end at 28-32 rpm for 16-20 hours. The 
temperamre of the room should be 23 ± 2°C. Record the rotary agitator I.D. 
and the date and time extraction is started and completed in the logbook. 

NOTE: As agitation continues, pressure may build up within the bottle for 
some types of wastes. To relieve excessive pressure, the bottle may be 
removed and opened periodically in a properly vented hood to relieve any built-
up pressure 

11.3.6. After tumbling in the rotary agitator is completed, remove the bottle and allow 
the solids to settle. Record the date and time the extraction is completed in the 
logbook. If sample was multiphase with an initial filtrate, drop a few drops of 
the filtrate (v^th a disposable glass pipette) into the extraction bottie and 
observe whether the filtrate is insoluble or forms a precipitate with the leachate. 
If so then the filfrate is not compatible with the leachate and must be bottled 
and analyzed separately. The results are normally mathematically recombined 
(Section 12,1,2), If the filtrate is compatible with the leachate (ie completely 
soluble) then pour the entire filtrate into the leachate bottle, recap and mix. 
Proceed with the leachate filfration step in the next section. 

11.3.7. Filter the sample using pressure filtration by filtering through a new glass fiber 
filter. For final filtration of the TCLP leachate, the glass fiber filter may be 
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changed, if necessary, to facilitate filtration. Filters must be acid washed if 
metals are to be determined (see Section 6.3). The entire sample need not be 
filtered; however, sufficient volume should be generated to support the 
required analyses. 

11.3.8. Measure the pH of the TCLP leachate and record in the logbook. (Use narrow 
range pH paper or ISFET pH meter to measure the pH of oily samples as a 
glass pH probe may be damaged .) 

11.3.9. Prepare subsamples for metals for MS/MSD quality control testing using the 
appropriate TCLP spiking solution (do not spike for organics). Refer to the 
appropriate determinative SOPs for further guidance on the spike components, 
levels and action criteria. 

11.3.10.1mmediately preserve the leachate as follows: 

Metals pH < 2 w/ HNO3 for aqueous filtrates and leachates 
(do not acidify oils and other non-aqueous liquids) 

All others Refrigerate to 4 ± 2 °C fl^ 

Note: Refer to Section 8.6 if precipitation occurs upon preservation. 

11.3.11.Label each sample with the appropriate information and submit to the 
appropriate analytical groups for prep and analysis. For multiphase samples 
requiring mathematical recombination provide copies of the TCLP preparation 
logbook sheets to the sample preparation and analysis groups. Most 
mathematically recombined samples will require data entry for the filtrate and 
leachate portions as well as for the mathematically recombined results. Contact 
the project manager to ensure the proper sample login is completed. 

11.4. ZHE EXTRACTION PROCEDURE: VOLATILE CONSTITUENTS (Refer to 
Flow Chart #3, Appendix D) 

11.4.1. Use the ZHE device to obtain a TCLP leachate for analysis of volatile 
compounds only. Leachate resulting from the use of the ZHE shall NOT be 
used to evaluate the mobility of non-volatile analytes (e,g,, metals, pesticides, 
herbicides and semi-volatile orgam'cs). 

11.4.2. Due to some shortcomings of the method, losses of volatile compounds may 
occur. Extra care should be observed during the ZHE procedure to ensure that 
such losses are minimized. Charge the ZHE with sample only once and do not 
open the device until the final extract has been collected. Do not allow the 

m 
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waste, the initial liquid phase, or the extract to be exposed to the atmosphere 
any longer than necessary. 

11.4.3. Install new O-rings and adjust the ZHE piston in the ZHE body to the 
appropriate height (slightly moisten the O-rings with leaching fluid if 
necessary). 

11.4.4. If the preliminary evaluations indicated the need for particle size reduction, 
homogenize the waste, weigh out a sufficient size subsample and prepare for 
leaching by crushing, cutting, or grinding such that all particles are less than 1 
cm in size as measured with a ruler (Do NOT sieve the sample). Size reduction 
is not required if the sample surface area is greater than or equal to 3.1 cm per 
gram If particle size reduction was required record this in the comments 
column of the logbook. 

Note: To minimize loss of volatiles, samples for volatiles that require particle 
size reduction should be kept in sample storage (at 4°C) until immediately 
before size reduction. Aggressive reduction which would generate heat should 
be avoided and exposure of the waste to the atmosphere should be avoided to 
the extent possible. Size reduction to a fine powder is not appropriate. Also see 
Section 11.3.1. 

11.4.4.1.Consult your supervisor or manager when dealing with unusual 
sample matrices (e.g., wood, cloth, metal, brick). Scissors or shears 
may be used to cut cloth, plastic or sheet metal. Saws may be used for 
wood or solid metal. Bricks, rocks, or other solids amenable to 
grinding may be subcontracted out for particle size reduction (Contact 
PM). 

11.4.5. Homogenize and transfer an appropriate size subsample of the waste into the 
ZHE and record the mass in the logbook. 

11.4.5.1.For wastes that are solid, a 15 g sample is used. 

11.4.5.2.For wastes containing < 0.5% solids, the liquid portion of the waste, 
after filtration, is defmed as the TCLP leachate. Filter enough of the 
sample to support all of the volatile analyses required. 

11.4.5.3.If the sample has > 0.5% solids and has non-volatile TCLP/SPLP 
requested, the appropriate sample size should be estimated based on the 
wet solids content determined in Section 11.2.3.3. If ZHE only, use 
visual wet solids estimate to sample subaliquot. 
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Note: For wastes containing greater than 0.5% wet or dry solids, the 
"solids" value from the ZHE filtration process may be used to 
determine the volume of fluid to load into the ZHE. This 
approach is recommended since the solids value from Section 
11.2.3.3 may differ from the ZHE filtration solids due to sample 
variability or differences in the filtration apparatus. 

11.4.6. Carefully place the glass fiber filter between the support screens and secure to 
the ZHE. Tighten all the fittings. 

11.4.7. Place the ZHE in a vertical position; open both the gas AND liquid inlet/outiet 
valves. Attach a gas line to the gas inlet/outlet valve. 

11.4.8. If the waste is solid, slowly increase the pressure to a maximum of 50 psi to 
force out as much headspace as possible and proceed to Section 11.4.13. 

11.4.9. If this is a mutliphase sample, carefully apply gentle pressure of 10 psi (or 
more, if necessary) to force all headspace slowly out of the ZHE. At the FIRST 
appearance of liquid from the liquid inlet/outlet valve, quickly close the valve 
and discontinue gas pressure. 

11.4.10.Assemble a syringe and place the plunger in all the way. Attach the pre-
weighed syringe to the liquid inlet/outlet valve and open the valve. Record the 
tare weight of the collection syringe in column D of the logbook.. 

11.4.11.Carefully apply gas pressure of no more than 10 psi to force out the liquid 
phase. Allow the sample to filter until no SIGNIFICANT additional filtrate has 
passed in a 2 minute period. 

Note: If the capacity of the syringe is reached, close the liquid inlet/outlet 
valve, discontinue gas pressure, remove the syringe, weigh, record weight in 
column E and filtrate volume in the logbook. Return to Section 11.4.10. 

11.4.12.Repeat previous step increasing the pressure in 10 PSI increments until 50 psi 
is reached and no significant liquid has passed in a 2 minute period. Close the 
valve and discontinue gas pressure. Remove the collection device and record 
the total weight of the collection device with filfrate in column E and filtrate 
volume in the logbook. Transfer the filtrate to VOA vials and label 
appropriately. Calculate the weight of filtrate collected and record in column F 
in the logbook. 

Notes: If the original waste contained less than 0.5% solids (Section 11.2.3.2), 
this filtrate is defined as the TCLP leachate and you may proceed to Section 

% 
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11.4.22. Otherwise, save the vials by storing at 4°C under minimal headspace 
conditions, for recombination as in Section 11.4.21. 

The material remaining in the ZHE is defined to be the "solid" phase. 
Calculate the weight of the solid phase and record in column G of the logbook 
by subtracting the weight of the filtrate from the weight of the sample. 

11.4.13.Determine the amount of buffer to use. Solid samples use 300 mL of leach 
fluid (20 X 15 g). For multiphase samples use the wet solids (column G) 
amount and multiply by 20. Record the leach fluid volume in column H of the 
logbook. 

Note: The TCLP ZHE prep uses only TCLP fluid #1; the SPLP ZHE prep 
uses only SPLP fluid #3. 

11.4.14.Load the fluid transfer reservoir with an excess of Fluid #1 and preflush the 
transfer line to eliminate air pockets. Be sure the required volume remains. 

11.4.15.Attach the transfer line to the liquid inlet'outiet valve and open the valve. 
Carefully pump the required volume into the ZHE and close the valve. 
Disconnect the transfer line. 

11.4.16.Check the ZHE to make sure all the valves are closed and manually rotate the 
ZHE (end-over-end) 2 or 3 times. Reposition the ZHE in the vertical position. 

11.4.17.Pressurize the ZHE to 5-10 psi. If the ZHE appears to be leaking, follow the 
corrective action protocols recommended by the manufacturer and repeat the 
analysis. 

11.4.18.Slowly open the liquid inlet/outiet valve to bleed out any headspace that may 
have been introduced during the introduction of the Fluid. Upon the first sign 
of liquid from the valve, close the valve. 

11.4.19.Repressurize the ZHE to 5-10 psi and place in the rotary agitator. Rotate at 28-
32 rpm for 16-20 hours. Room temperature should be 23 ± 2 °C. The room 
temperature is recorded using a continuous temperature monitor. 

11.4.20.Confirm that the pressure of 5-10 psi was maintained throughout the leaching. 
If it was NOT maintained, return to Section 11.4 and repeat the leachate with a 
new al i quot of sample. 

11.4.2I.Ifthereisan im'tial liquid filtrate (Sec 11.4.12) determine if it is compatible 
wdth the leachate if the filtrate has not been previously tested (Sec. 11.3.6). 
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11.4.21.1 .Remove the plunger from the syringe and attach the barrel to the 
ZHE vessel. Open the outlet valve and pressurize as necessary to 
transfer about 1 mL of leachate into the syringe. Close the outlet valve. 

11.4.21.2.With a glass pipette transfer a few drops of initial filtrate into the 
open syringe barrel. Formation of separate layers or a precipitate 
indicates the filtrate and leachate are not compatible. Bottle the filtrate 
for separate preparation and analysis. The results are normally 
mathematically recombined. 

11.4.21.3.1f the filtrate is compatible gentiy pour the remainder of the filtrate 
into the syringe barrel. Install the plunger. Bleed any pressure in the 
ZHE piston. Open the inlet/outlet valve and depress the syringe plunger 
to inject the filtrate into the ZHE vessel. Do not inject the air bubble (if 
present) from the syringe. 

11.4.21.4.Close the valve and rotate a few times to mix. Proceed with leachate 
filtration as described in the next section. 

11.4.22.Attach an empty syringe to the outlet valve. Open the valve and pressurize the^jgP 
piston to expel the leachate from the ZHE vessel. Following collection, store 
the TCLP leachate in 2 or 3 40-mL VOA vials with minimal headspace at 4 ± 2 
°C and prepare for analysis as soon as possible using the appropriate organic 
analysis procedure (see Section 16.3). 

11.4.23.If the individual phases are analyzed separately, combine the results 
mathematically by using the recombination calculation in Section 12.1.2.. 
Provide copies of the TCLP preparation logbook sheets to the sample 
preparation and analysis groups. Most mathematically recombined samples 
will require data entry for the filtrate and leachate portions as well as for the 
mathematically recombined results. Contact the project manager to ensure the 
proper sample login is completed. 

12. DATA ANALYSIS AND CALCULATl ONS 

12.1. Calculations 

12.1.1. Calculation of weight of extraction fluid to use: 

Volume of exfraction fluid = 20 X weight of wet solids to be exfracted 

12.1.2. Mathematical recombination of analytical results: • 
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(F, xC,) + (K x C ) 
Final Analyte Concentration = -̂̂  —^ 

V,+V, 

V] = total volume of the initial filtrate phase (L). 
Ci = analyte concentration in initial filtrate phase (mg/L). 
V2 = volume of the theoretical solid phase leachate (L). 
C2 = analyte concentration in solid phase leachate (mg/L)., 

12.2. REPORTING REQUIREMENTS 

12.2.1. Follow these reporting conventions for multi-phase samples: 

12.2.1.1.If both phases have positive results, use the values from each phase to 
calculate the recombined result. Use the reporting limit for each phase 
to calculate the recombined reporting limit. 

12.2.1.2.Ifbotii phases are "ND" (not detected) the recombined result is "ND," 
and the reporting limit is calculated from the reporting limit for each 
phase. 

12.2.1.3.If one phase is "ND" and the other phase has a positive result, use the 
zero for the "ND" phase and the positive value for the other phase to 
calculate the combined result. This will produce a minimum known 
concenfration. Alternatively, at client request, the maximum possible 
concenfration can be calculated by using the reporting limit for the 
"ND" phase rather than zero. The combined reporting limit is based on 
the reporting limit for both phases 

12.2.2. Units - regardless of the nature of the sample, all TCLP and SPLP results are 
reported in units of mg/L. 

12.2.3. For limits and significant figures, consult the appropriate analytical methods 
(Section 16.3). 

12.2.4. Anomalies - all anomalies observed during the leach procedure must be noted 
on the worksheet or an NCM form. Some examples of such anomalies are: 

12.2.4.1 .Sample was monolithic - particle size reduction not possible due to 
nature of mafrix. 
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12.2.4.2.Insufficient sample - less than the required 100 g minimum was 
available. 

12.3. REVIEW REQUIREMENTS 

12.3.1. Review all applicable holding times. If a holding time was exceeded, confirm 
that a holding time violation was properly documented in an NCM. 

12.3.2. If Total analysis results are available, those results may be compared with the 
TCLP analysis results according to the following: 

Total > 20 X TCLP 

NOTE: Assumes the sample is 100% Solids. 

12.3.3. Total constituent analysis results can be used to demonstrate the TCLP protocol 
is unnecessary. In performing a TCLP analysis, there is a 20:1 dilution of the 
original sample with the leaching solution. Thus, if the "total constituent" 
result is less than 20 times the TC level, it is impossible for the leachate to ^ j k ^ 
"fail" and the TCLP does not need to be performed. For example, the TC level ^ I B P 
for lead is 5.0 mg/L (ppm). Therefore, if a sample of lead-contaminated soil 
contains less than 100 ppm total lead, a TCLP test need not be nm to 
demonstrate that lead is less than the TCLP limit. 

13. METHOD PERFORMANCE 

13.1. Refer to individual analysis SOPs. 

13.2. Training Qualification: 

The group/team leader has the responsibility to ensure that this procedure is performed 
by an associate who has been properly frained in its use and has the required 
experience. 

14. POLLUTION PREVENTION 

14.1. This method does not contain any specific modifications that serve to minimize or 
prevent pollution. 

15. WASTE MANAGEMENT 

% 
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15.1. Waste generated in this procedure must be segregated and disposed according to the 
facility's hazardous wastes procedures. The Environmental Health and Safety Director 
should be contacted if additional information is required. 

16. REFERENCES 

16.1. Method 1311, Toxicity Characteristic Leaching Procedure, Revision 0, July 1992, SW-
846 Final Update I. 

16.2. Method 1312, Synthetic Precipitation Leaching Procedure, Revision 0, November 
1994, SW-846 Update IL 

16.3. Related Documents 

16.3.1. Toxicity Characteristic: Corrections to Final Rule. Method 1311, Federal 
Register, Vol. 55, No. 126, Friday, June 29, 1990. 

16.3.2. Toxicity Characteristic: Final Rule. Method 1311, Federal Register, Vol. 55, 
No. 61, Thursday, March 29, 1990. 

16.3.3. Technical Background Document and Response To Comments, Method 1311, 
Toxicity Characteristic Leaching Procedure, USEPA/OSW, April, 1989. 

16.3.4. QA-003, Quality Control Program 

16.3.5. CORP-IP-0003NC: Acid Digestion of Aqueous Samples by SW846 and 
MCAWW 200 Series Methods. 

16.3.6. CORP-MT-OOOINC: Inductively Coupled Plasma-Atomic Emission 
Spectroscopy, Spectrometric Method for Trace Element Analysis, Method 
6010B and Metiiod 200.7. 

16.3.7. CORP-MT-0003NC: Graphite Furnace Atomic Absorption Spectroscopy, 
(Thallium only) 

16.3.8. CORP-MT-0005NC: Preparation and Analysis of Mercury in Aqueous 
Samples by Cold Vapor Atomic Absorption, SW-846 7470A and MCAWW 
245.1. 

16.3.9. CORP-MS-0002NC: Determination of Volatile Organics by GC/MS based on 
Metiiods 8260B, 624, and 524.2. 

16.3.10.CORP-MS-0001NC : GC/MS Analysis Based on Method 8270C and 625. 
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16.3.11. CORP-GC-OOOINC: Gas Chromatographic Analysis Based on Methods 
8000B, 8021B, 8081A, 8082, 8151A, 8310, 610, and 8I41A. 

16.3.12.CORP-OP-OOOlNC: Extraction and Cleanup of Organic Compounds from 
Waters and Soils, Based on SW846 3500 Series, 3600 Series, 8151A and 600 
Series Methods. 

17. MISCELLANEOUS 

17.1. Modifications/Interpretations from Reference Methods 

17.1.1. Section 11.2: Preliminary Evaluations. Section 7.1 of the source method 1311 
states that the sample aliquot used for the preliminary evaluation "...may not 
actually undergo TCLP extraction." Section 7.1.5 of the source method 
indicates that the portion used for the preliminary evaluation may be used for 
either the ZHE or non-volatile extraction if the sample was 100% solid. 
Section 7.1.5 further indicates that if the sample was subjected to filtration (i.e., 
< 100% solid) that this aliquot may be used for the non-volatile extraction 
procedure only as long as sufficient sample is available (minimum 100 g). ^ ^ ^ 
Samples which have been subjected to the oven drying step may not be used ^ B r 
for TCLP extraction because solid phase degradation may result upon heating. 

17.1.2. Sections 11.3.6 and 11.4.21: Determinationof Filtrate/Extraction Fluid 
Compatibility. Section 7.2.13 of the source method provides no guidance as to 
how to make this determination. As a result, the procedure herein was 
developed. 

17.1.3. Section 9.2: TCLP Extraction Blanks. Section 8.1 of the source method states 
that a minimum of one blank for every 20 exfractions "...that have been 
conducted in an extraction vessel." STL has interpreted this to mean one blank 
per twenty samples leached per TYPE of leaching vessel (i.e.. Bottle or ZHE) 
per leach fluid used. 

17.1.4. Section 11.2.5.5.8.1: Determination of Appropriate Extraction Fluid. Method 
1311 does not address the appropriate approach to take if the pH equals 5.0. 
This SOP requires that Fluid #1 must be used if the pH is less than or equal to 
5.0. 

17,1.5. Section 9.4: QA/QC - Matrix Spikes. Section 8,2 of the source method states 
"A matrix spike shall be performed for each waste type..." and "A minimum of 
one matrix spike must be analyzed for each analytical batch." Further, 
Section 8.2.3 of the source method also states "The purpose of the matrix 
spike is to monitor the performance of the analytical methods used, and to 

% 



0 TCLP and SPLP Leaching Procedure 

SOP No. CORP-IP-0004NC 
Revision No, U . 
Revision Date: 10/10/00 
Page: 31 of 48 

0 

determine whether matrix interferences exist." The standard STL LQM is 
designed to address the performance monitoring of analytical methodology 
through the LCS program. A minimum of one MS and MSD will be prepared 
for each TCLP leachate batch. The MS/MSD results are used to detemiine the 
effect of a matrix on the precision and accuracy of the analytical process. Due 
to the potential variability of the matrix of each sample, the MS/MSD results 
have immediate bearing only on the specific sample spiked and not all samples 
in the batch. 

17.1.6. Section 8.2.2 of the source method states that "In most cases, matrix spikes 
should be added at a concentration equivalent to the corresponding regulatory 
level." The method also states "If the analyte concentration is less than one 
half the regulatory level, the spike concentration may be as low as one half of 
the analyte concentration but may not be less than five times the method 
detection limit". For several analytes, spiking at the regulatory level is 
inappropriate to the range of analysis afforded by the determinative methods. 
Due to the wide range in these levels, STL spikes at the levels specified in the 
determinative SOPs, 

17.2, Modifications from Previous SOP 

17.3. Facility Specific SOPs 

Each facility shall attach a list of facility specific SOPs or approved attachments (if 
applicable) which are required to implement this SOP or which are used in conjunction 
with this SOP. If no facility specific SOPs or amendments are to be attached, a 
statement must be attached specifying that there are none. Refer to the Appendices for 
any facility specific information required to support this SOP. 

• 
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Table 3 - Toxicity Characteristic Analytes and Regulatory Levels (Final Rule) 

0 

0 

Contamitiant 
Arsenic 
Barium 
Benzene 
Cadmium 
Carbon tetrachloride 
Chlordane 
Chlorobenzene 
Chloroform 
Chromium 
o-Cresols 
m-CresoIs 
p-Cresols 
Total Cresols (used if 

isomers not resolved) 
2,4-D 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
2,4-Dinitrotoluene 
1,1-Dichloroethylene 
Endrin 
Heptachlor (& epoxide) 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Lead 
Lindane 
Mercury 
Methoxychlor 
Methyl ethyl ketone 
Nitrobenzene 
Pentachlorophenol 
I*yridine 
Selenium 
Silver 
Tetrachloroethvlene 
Toxaphene 
Trichloroethylene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4,5-TP (Silvex) 
Vinyl chloride 

mg/L 
5.0 

100.0 
0.5 
1.0 
0.5 
0.03 

100.0 
6.0 
5.0 

200.0 
200.0 
200.0 
200.0 

10.0 
7.5 
0.5 
0.13 
0.7 
0.02 
0.008 
0.13 
0.5 
3.0 
5.0 
0.4 
0.2 

10.0 
200.0 

2.0 
100.0 

5.0 
1.0 
5.0 
0.7 
0.5 
0.5 

400.0 
2.0 
1.0 
0.2 
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Figure 1 & 2 - Rotary Agitation Apparatus and Zero Headspace Extraction Vessel (ZHE) 

Figure 1 . Rotary Agi tat ion Apparatus 
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Figure 3 - US Environmental Protection Agency Memorandum #35. Page 1 

^ ^ 

^^mc^ a UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
^ ^ i ^ J WASHINGTON. D.C. 20460 

o«>>ci o» 

ympM>yp7« / aa 

DATE: Jxme 1 2 , 1992 

5T7BJXCT: H o t a s o n "RCRX Mathods a n d QA A c t i v i t i e s 

r r e n ; C a l l H a n s e n , C h i e f s 4 u ^ ^ < ; » > * ^ ^ ^ ^ 

% 
Kathods Sacrtlon (OS-331) 

This Beao .addraaaes 'the following topics: 

- O 1992 Synposiua on Waste Testing and Quality 
Assurance 

O SV-B4 6 t7pdate 

- Final Kule for January 23, 1989 Proposed Sule 
- Notice, Proposed Ruleaalcing for the Second Update to 
the Third Edition 

O chlorofluorocarbon 113 (CTC-113) Solvent Keplacesant 
tJpdste 

O Environisental Monitoring Methods Index (SDH} 

o Sampling Work Croup Formation 

O MICE Update 

o Oily Waste Analysis 

O riectronlc SW-B4S Availability. 
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Figure 3 - US Environmental Protection Agency Memorandum #35, Pa^e 10 

Qilv war;tg Analvals 

One of the acs-t frequently asked questions on the MICE 
Service concerns the application of the TCLP, Method 1311, to 
oily wastes. Many callers request technical guidance on the 
extraction of oily wastes due to the difficulty in the filtration 
on these types of wasta. In cany cases, an oily waste does not 
filter cosplataly due to praaaturs clogging of the glass fiber 
filter. This can result in the retention of standing liquid on 
the glass fiber filter. Material that do not pass through the 
glass fiber filter ar the conclusion of the filtration step is 
defined by the sethod as the solid phase of the waste. The solid 
phase is then subjected to the leaching procedure of the TCI.F. 
For oily wastes, clogging of the glass fiber filter can result in 
an overestisation of the aaount of solid aaterial available for 
leaching. 

To solve this problem, the Agency rccoaaends a conservative 
approach, one that probably will overestiaate the amount of 
leaching. Rather than performing the TCI.P extraction on the 
xmfiltered portion of the oily waste, assume the waste is 100^ 
liquid (e.g., will pass through the glass fiber filter) and 
perform a totals analysis on the oily waste to determine if the 
oil exceeds the appropriate regulatory level. 

Filterable waste oil generated during the TCLP must b« 
analyzed for a variety of organic and inorganic analytes. The 
OSH recognizes the difficulty in achieving acceptable performance 
for the analysis of vast* oil using methods currently provided in 
SW-84 6. As a result, the Agency will provide several new methods 
for the preparation and analysis of oil samples to the organic 
Methods Workgroup in July. In addition, a microwave assisted 
digestion procedure should improve the analysis of metals and 
will be proposed as part of the Second Update of the Third 
Edition of SW-84fi. Brief descriptions of these techniques are 
provided below, for additional information on the organic 
procedures contact Barry LeanUc at (202) 260-7459. For 
additional information on microwave digestion contact Cilia 
fordham (202) 260-4778. 

The use of purga-and-trap (Method 5030} for volatiles in oil 
generally results in severe contamination of analytical 
instrumentation. Traps, transfer lines and chromatography 
columns may become contaminated with oil. This leads to elevated 
baselines, hydrocarbon background in subsequent analyses, and 
cross-contamination. Headspace (Method 3810) is currently 
allowed only as a screening procedure in SW-S46. The Agency is 
evaluating the use of headspace in conjunction with Isotope 
dilution mass spectrometry for the quantitativa analysis of 
volatiles in oil. Headspace reduces interference problems 
encountered with purge-and-trap. However, headspace quantitation 
can be questionable because the distribution of analytes is not 

10 
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TCLP/SPLP ZHE Logbook 

Sample 

Number 

Extraction 

Vessel 

ID 

Matrix Sample 

Wt(g) 

STL NORTH CANTON ZHE LOGBOOK 

Extraction 

Buffer 
ID 

Date 

On 

Time 

On 

Date 

Off 

Time 

OfF 

Tumbler 
ID 

Tumbler 
Speed 

30±2 
rpm 

Extraction 
Fluid ID 

Initial 
ZHE 

Pressure 

Final 
ZHE 

Pressure 

Comments 
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STL NORTH CANTON ZHE LOGBOOK 

Sample 

Number 

A 

Weight of 
Container + 

Sample 

(g) 

B 

Weight of 
Container + 

Residue 

(g) 

C 

Difference 
( A - B ) 

Sample 
Weight (g) 

D 

Weight of 
the Syringe 
(or vials) 

(g) 

E 

Weight of 
the Syringe 
(or vials) + 

Filtrate 

(g) 

F 

Difference 

( E - D ) 

Filtrate 
Weight (g) 

Volume of 
Filtrate* 

(mL) 

G 

Difference 

( C - F ) 

Wet Solids 
Weight (g) 

H 

G x 2 0 

Buffer 
Amount 

(mL) 

Initials 

* Filtrate volume only needed when nitrate is incompatible with leachate 

N:\QAQC\SOPS\Inorgprep\CPIP0004NC TCLP_SPLP.doc 09/28/00 
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SOP No.: NC-IP-0005 
TCLP/SPLP Bottle Extraction Logbook 

STL NORTH CANTON TCLP LOGBOOK 
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SOP No.: NC-lP-0005 STL NORTH CANTON TCLP LOGBOOK 

Sample 

Number 

A 

Weight of 
Container 
+ Sample 

(R) 

B 

Weight of 
Container 
+ Residue 

(g) 

C 

Difference 
( A - B ) 

Sample 
Weight (g) 

D 

Weight of 
the Filtrate 

Bottle 

(g) 

E 

Weight of 
the Filtrate 

bottle 
+ 

Filtrate(g) 

F 

Difference 

( E - D ) 

Filtrate 
Weight (g) 

Volume of 
Filtrate* 

(mL) 

G 

Difference 

( C - F ) 

Wet Solids 
Weight (g) 

H 

Gx20 

Buffer 
Amount 

(mL) 

Initial 
s 

Comments 

* Filtrate volume only needed when nitrate is incompatible with leachate 
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Flow Chart 1. Preliminary Sample Evaluation 
(Section 11.2) 

^ 

K l « 

' 

Waste is 100% solids. 

Does of waste sample 
yield liquid when 
pressure filtered 

(50 psi)? ^ 

1 
Yes 

Is % dry solids < 
0.5%? 

No 

1 ' 
Will solids pass 1 mm* 

standard sieve for 
leach solution 
determination? 

-Yes-

Sample filtrate = TCLP 
test solution. No 

further preliminary 
tests are needed. Go 
to Flow Chart 2 or 3 

collect filtrate/leachate. 

-No-

Crush, cut, or grind 
solids to pass a 1 mm* 

sieve (not req'd if 
surface area > or = 3.1 

cm^/g 

Yes 

Add 3.5 mL 1 N HCl. 
mix, cover, heat to 

50°Cfor 10 min. Cool. 
Measure pH. Is pH < 

5.0? 

- N o -

Weigh 5.0 g solids into beaker. 
Add 96.5 mL reagent water. 

Stir vigorously for 5 min. 
Measure and record pH. Is pH 

<5.0? 

• 

No Yes 

Use TCLP Extraction 
Fluid #2. pH = 2.88 

Yes 

Use TCLP Extraction 
Fluid #1. pH=4.93 

*Note: 1 mm size is used only for determination of 
leachate solution. 3.1 sq. cm or 1 cm diameter is 
used to determine need for size reduction. 
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Flow Chart 2. Bottle Extraction, Non-Volatile Constituents 
(Section 11.3) 

c Complete preliminary determinations 
(Flow Chart 1). 

Sample is 100% solids. 

Weigh out at least 100g 
of sample. 

s 
Multiphase sample. Filler 8 weighed amount of sample to produce 

enough solids which, when extracted, wil l create sutnoent extracl lor all 
analyses. (100 g minimum.) 

Solids arv < O.S% of sampla. Filter 
enough sample to provide for aO 

analyses. DiscanJ solids. Filtrate •• 
TCLP extract 

Solitj 
Liquid 
Phase 

II panide size reduction 'a needed. (Jecrease size until waste solids 
wflt pass B 9.5 mm sieva (3/6"). Nole: Particle size reduction not 

required tf surface areB> 3.1 cniVg 

m 

L Retain Tittraie. 5ior« at 4 C . 

Iransfer solids to an exiraction ves io l . Account for residue {if any) 
in w e i g ^ n g beaker. 

Add an appropriate amount of extrvcbon fluid to the eirtraction 
vessflL 

(Ruid voturne (mL) * 20 x i o M > weight (g)) 

Close extraction vessel end lecure in rotary agrtabon device. Rotate 
a t 3 0 « 2 rpmfor I 8 l 2 hr>. Ambient temperature ol extrBction room 

s h 8 0 b « 2 3 l 2 * C . 

Was this a multiphase sampte? -Yes-

No 

Filler slurry through glass fitter fiber (acid wash if metals are 
measured). Several filters may bo used. Discart} solids. Collect 

r-No-J 

AnaVza Dquids separately and 
combine results mathemaljcally 

according to votuma ratio of 
original phases. 

Is initial filtrate 
compatible with 

leachate? 

Yes 

Combirw Initial filtrate with leachate. 
This becomes the TCLP extract. 

Immediately after TCLP extract Is produced, record the pH of the extrac 
(For immisabie liquids, record the p H of each.) Aliquot and preserve 
the extract Unless analyzed irrunediatefy. store aliquot at 4C until 

analyzed. 



APPENDIX D - FLOW CHARTS 

SOP No. CORP-IP-0004NC 
Revision No. 1.1 
Revision Date: 10/10/00 
Page: 47 of 48 

Flow Chart 3. ZHE Extraction, Volatile Constituents 
(Section 11.4) 

' ^ 
Complete preliminary solids 

determination (Figure 1), 

Solids are < 0.5% of sampte. Filter 
suffiaent sample through ZHE to 

provide for an analysis. Discard solids. 
Filtrate * TCLP extract. 

Store at 4*C under minimal headspace] 
and analyze. 

Attach the 
apply gentle 
from ZHE. 

outl i t 

._ (me, open the gas inlet/outjei valve and 
jressure ( I ' l O psi) to force a l heaospace 
hen liquid first appears, cJos • liquid inteV 
va>ve and discontirhje pressure 

g s 

3 

-Yes 

Is the amount ol fitterable solids > 0 5%? Y e s -

Place the ZHE pislon in body of the ZHE and adjust position of ptsion to 
minimiie distance pislon will travel wt ien charged with sample. 

Waste is 100% 
solids. Weigh 

25 g. 

% solids are 
between 0.5% 

and 5%. Weigh 
500 fl. 

Solids are > 5%. 
Weigh (2500 / 

% solids). 

Adjust panicle size of solids, if necessary, 80 size b < 1 cm in its narrowesl 
dimension DO t ^ T SIEVE, measure wi th nr iw. Adjust without heat 

production and with minimal air exposure. Note; Panicle size redudion noi 
required H surlace area > 3.1 cm2/g. 

lo 

Liquid Phase 

Ousntitstively transfer sample QuicUy to ZHE. Secure t^er and support 
screen lo top flange and anach lop flange to boily of ZHE. Tighten aO 

fittings. Place vertically with gas inlet/outlel vafva down. 

m 
Docs sampte contain Squid phase? No 1 

Sample is 100% solids. Attacft gas One to gas inlet/ouiiei vafva. 
Open liquid iniei/ouUet valve, arxl grvduaHy apply pressure in 10 psi 

increments untA 50 ps i is reached. 

Attscti pre-weighed filtrate collection container to bquid 
iniei/outlet vatva. Open liquid valve and gradually appfy 

pressure in 10 psi increments unta 50 psi is reached. After 
no further Bquid is cxpeOed after 2 minutes ai 50 psi, dose 
valves, disconr>ect, arKJ weigh filtrate collection container. 

Sofid Phase 

Add an appropnaic weighed amount of Extraction Ftuid f 1 by 
pumping in through trie liquid tnlet/ouUal vafva. (Fluid weight B 20 x 

soTids weight) 

Rotate ZHE end-over-end 3 or 3 t imes. With Bqukj inlet/outlet vah^e 
pointed up, pressurize ZHE to 5-10 psi. and bleed off any air wti ich 

m g h i have been inirrxiuced with the extraction fliad. Close the liquid 
inlet vatve arKl pressurize to 5-10 psi again. 

Store filtrate at ^ C urtderminlmat headspace. See Row 
Chart 3 (Continued). Place ZHE in rotary device and rotate at 30+ 2 rpm 

for 18 + 2 hrs. in a room held at 23 + 2°C. 

Conrwct preweighed fiiiratft/extract 
ooliection contatrwr to hquid inlet/ 

outlet valve. Apply up to 60 psi in 10 
psi iTKrements. See Flow Chart 3 

(Continued) tor multiphase samples. 

-Yes-
OwcK pressure m Zl-lE by quickly 
opertir>g and closing the gas inlet 

vafve. Is pressure present? 
-No-

ZHE leaked. 
R».exlT«ct sample. 

% 
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Flow Chart 3. ZHE Extraction 
(Continued) 

Store initial filtrate at 
4°C under minimal 

headspace. 

-No-
Is initial filtrate 

compatible with 
leachate? 

Analyze liquids separately and 
combine results mathematically 

according to volume ratio of 
original phases. 

-Yes-

Inject initial filtrate back into 
the ZHE vessel. Connect 
preweighed filtrate/extract 

collection container to liquid 
inlet/outlet valve. Apply up to 
50 psi in 10 psi increments. 
Collect the extraction filtrate 

Store at 4 °C under minimal 
headspace prior to 

analysis. 
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1.0 SCOPE AND APPLICATION 

1.1. This method is applicable to the determination of Volatile Organic Compounds in waters, 
wastewater, soils, sludges and other solid matrices. Standard analytes are listed in Tables 
5 and 6. 

1.2. This SOP is applicable to method 8260B. It may also be used for analysis following 
method 8260A. Appendix A presents modifications to the procedures in the main SOP 
that are necessary for analysis of wastewater by method 624. The associated LIMS 
method codes are QK (8260B), DN (624), and MZ (8260A). Ohio VAP projects are 
distinguished by Program Code 2J. The following Prep Codes are used: 15(5mL 
purge), 25 (25 mL purge), 4B (Methanol preservation, EnCore''"'^ ), 4D (Sodium 
Bisulfate preservation, EnCore''''^ ), 4P (Frozen, EnCore''"'^ ), and 73 (5030A Methanol 
Prep). 

1.3. This method can be used to quantify most volatile organic compounds that have boiling 
points below 200°C and are insoluble or slightly soluble in water. Volatile water soluble 
compounds can be included in this analytical technique; however, for more soluble 
compounds, quantitation limits are approximately ten times higher because of poor ^ | ^ 
purging efficiency. ^ H P 

1.4. The method is based upon a purge and trap, gas chromatograph/mass spectrometric 
(GC/MS) procedure. The approximate working range is 5 to 200 fig/L for 5 mL waters, 1 
to 40 |ig/L for 25 mL purge waters, 5 to 200 ^g/^g for low-level soils, and 250 to 25,000 
pg/kg for medium-level soils. Reporting limits are listed in Tables 1 and 3. 

1.5. Method performance is monitored through the use of surrogate compounds, matrix 
spike/matrix spike duplicates, and laboratory control spike samples. 

2. SUMMARY OF METHOD 

2.1. Volatile compounds are introduced into the gas chromatograph by the purge and trap 
method. The components are separated via the chromatograph and detected using a mass 
spectrometer, which is used to provide both qualitative and quantitative information. 

2.2. Aqueous samples are purged directly. Generally, soils are preserved by extracting the 
volatile analytes into methanol. If especially low detection limits are required, soil 
samples may be preserved with sodium bisulfate and purged directly. 

2.3. In the purge and trap process, an inert gas is bubbled through the solution at ambient 
temperature or at 40''C (40°C required for low level soils) and the volatile components 
are efficiently transferred from the aqueous phase to the vapor phase. The vapor is swept 

% 
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through a sorbant column where the volatile components are trapped. After purging is 
completed, the sorbant column (trap) is heated and backflushed with inert gas to desorb 
the components onto a gas chromatographic column. The gas chromatographic column is 
then heated to elute the components which are detected with a mass spectrometer. 

4 

2.4. Qualitative identifications are confirmed by analyzing standards under the same 
conditions used for samples and comparing the resultant mass spectra and GC retention 
times. Each identified component is quantified by relating the MS response for an 
appropriate selected ion produced by that compound to the MS response for another ion 
produced by an intemal standard. 

3. DEFINITIONS 

3.1. Batch 

The batch is a set of up to 20 samples of the same matrix processed using the same 
procedures and reagents within the same time period. Using this method, each BFB 
analysis will normally start a new batch. Batches for medium level soils are defined at the 
sample preparation stage and may be analyzed on multiple instruments over multiple 
days, although reasonable effort should be made to keep the samples together. 

3.1.1. The Quality Control batch must contain a matrix spike/spike duplicate (MS/MSD), a 
Laboratory Control Sample (LCS), and a method blank. In some cases, at client 
request, the MS/MSD may be replaced with a matrix spike and sample duplicate. 
Refer to the STL QC Program document (QA-003) for further details of the batch 
definition. 

01/22/02 
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3.2. Method Blank 

3.2.1. A method blank consisting of all reagents added to the samples must be analyzed with 
each batch of samples. The method blank is used to identify any background 
interference or contamination of the analytical system which may lead to the reporting 
of elevated concentration levels or false positive data. 

3.3. Laboratory Control Sample (LCS) 

3.3.1. Laboratory Control Samples are well characterized, laboratory generated samples , 
used to monitor the laboratory's day-to-day performance of routine analytical 
methods. The LCS, spiked with a group of target compounds representative of the 
method analytes, is used to monitor the accuracy of the analytical process, 
independent of matrix effects. Ongoing monitoring of the LCS results provides 
evidence that the laboratory is performing the method within accepted QC guidelines 
for accuracy and precision. 

3.4. Surrogates 

3.4.1. Surrogates are organic compounds which are similar to the target analyte(s) in 
chemical composition and behavior in the analytical process, but which are not 
normally found in environmental samples. Each sample, blank, LCS, and MS/MSD is 
spiked with surrogate standards. Surrogate spike recoveries must be evaluated by 
determining whether the concentration (measured as percent recovery) falls within the 
required recovery limits. 

3.5. Matrix Spike/Matrix Spike Duplicate (MS/MSD) 

3.5.1. A matrix spike is an environmental sample to which knovm concentrations of target 
analytes have been added. A matrix spike duplicate is a second aliquot of the same 
sample which is prepared and analyzed along with the sample and matrix spike. 
Matrix spikes and duplicates are used to evaluate accuracy and precision in the actual 
sample matrix. 

3.6. Calibration Check Compound (CCC) 

3.6.1. CCCs are a representative group of compovmds which are used to evaluate initial 
calibrations and continuing calibrations. Relative percent difference for the initial 
calibration and % drift for the continuing calibration response factors are calculated 
and compared to the specified method criteria. 

3.7. System Performance Check Compounds (SPCC) 
* 

01/22/02 
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SPCCs are compounds which are sensitive to system performance problems and are used to 
evaluate system performance and sensitivity. A response factor from the continuing 
calibration is calculated for the SPCC compounds and compared to the specified method 
criteria. 

4. INTERFERENCES 

4.1. Method interferences may be caused by contaminants in solvents, reagents, glassware, and 
other processing apparatus that lead to discrete artifacts. All of these materials must be 
routinely demonstrated to be free from interferences under conditions of the analysis by 
running laboratory method blanks as described in the Quality Control section. The use of 
ultra high purity gases, pre-purged purified reagent water, and approved lots of purge and 
trap grade methanol will greatly reduce introduction of contaminants. In extreme cases the 
purging vessels may be pre-purged to isolate the instrument from laboratory air 
contaminated by solvents used in other parts of the laboratory. 

4.2. Samples can be contaminated by diffusion of volatile organics (particularly methylene 
chloride and fluorocarbons) into the sample through the septum seal during shipment and 
storage. A field blank prepared from reagent water and carried through the sampling and 
handling protocol can serve as a check on such contamination. 

4.3. Matrix interferences may be caused by non-target contaminants that are coextracted from 
the sample. The extent of matrix interferences will vary considerably from source to source 
depending upon the nature and diversity of the site being sampled. 

4.4. Cross-contamination can occur whenever high-level and low-level samples are analyzed 
sequentially or in the same purge position on an autosampler. Whenever an unusually 
concentrated sample is analyzed, it should be followed by one or more blanks to check for 
cross-contamination. The purge and trap system may require extensive bake-out and 
cleaning after a high-level sample. 

4.5. Some samples may foam when purged due to surfactants present in the sample. When this 
kind of sample is encountered an antifoaming agent (e.g., J.T. Baker's Antifoam B silicone 
emulsion) can be used. A blank spiked with this agent must be analyzed with the sample 
because of the non-target interferences associated with the agent. 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all STL 
associates. 

5.2. The Chemical Hygiene Plan (CHP) gives details about the specific health and safety 
practices which are to be followed in the laboratory area. Personnel must receive training in 

01/22/02 
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the CHP, including the written Hazard Communication plan, prior to working in the 
laboratory. Consult the CHP, the STL Health and Safety Policies and Procedures Manual, 
and available Material Safety Data Sheets (MSDS) prior to using the chemicals in the 
method. 

m 

5.3. Consult the STL Health and Safety Policies and Procedures Manual for information on 
Personal Protective Equipment. Eye protection that protects against splash and a laboratory 
coat must be worn in the lab. Appropriate gloves must be worn while samples, standards, 
solvents, and reagents are being handled. Disposable gloves that have been contaminated 
will be removed and discarded; other gloves will be cleaned immediately. Disposable 
gloves shall not be reused. 

5.4. The health and safety hazards of many of the chemicals used in this procedure have not 
been fully defined, therefore each chemical compound should be treated as a potential 
health hazard. Additional health and safety information can be obtained fi-om the MSDS 
files maintained in the laboratory. The following specific hazards are knovm: 

5.4,1. Chemicals that have been classified as carcinogens, or potential carcinogens, under 
OSHA include: Acrylonitrile, benzene, carbon tetrachloride, chloroform, 1,2-dibromo-
3-chloropropane, 1,4-dichlorobenzene, and vinyl chloride. 

5.4.2. Chemicals known to be flammable are: Methanol. 

# 
5.5. Exposure to chemicals must be maintained as low as reasonably achievable, therefore, 

unless they are known to be non-hazardous, all samples should be opened, transferred, and 
prepared in a fume hood, or under other means of mechanical ventilation. Solvent and waste 
containers will be kept closed unless transfers are being made. 

5.6. The preparation of standards and reagents will be conducted in a fume hood with the sash 
closed as far as the operations will permit. 

5.7. All work must be stopped in the event of a known or potential compromise to the health and 
safety of a STL associate. The situation must be reported immediately to a laboratory 
supervisor. 

5.8. Laboratory personnel assigned to perform hazardous waste disposal procedures must have a 
working knowledge of the established procedures and practices outlined in the STL Health 
and Safety Manual, These employees must have training on the hazardous waste disposal 
practices initially upon assignment of these tasks, followed by an annual refi-esher training. 

m 

6. EQUIPMENT AND SUPPLIES 

6.1. Microsyringes: 10 ^L and larger, 0,006 inch ID needle. 
« 

01/22/02 
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6.2. Syringe: 5 or 25 mL glass with luerlok tip, if applicable to the purging device. 

6.3. Balance: Analytical, capable of accurately weighing 0.0001 g, and a top-loading balance 
capable of weighing 0.1 g 

6.4. Glassware: 

6.4.1. Vials: 20 mL with screw caps and Teflon liners, 

6.4.2. Volumetric flasks: 10 mL and 100 mL, class A with ground-glass stoppers. 

6.5. Spatula: Stainless steel. 

6.6. Disposable pipets: Pasteur. 

6.7. pH paper: Wide range. 

6.8. Gases: 

6.8.1. Helium: Ultra high purity, gr. 5,99.999%, 

6.8.2. Nitrogen: Ultra high purity, from cylinders of gas generators, may be used as an 
alternative to helium for purge gas, 

6.8.3. Compressed air: Used for instrument pneumatics. 

6.8.4. Liquid nitrogen: Used for cryogenic cooling if necessary. 

6.9. Purge and Trap Device: The purge and trap device consists of the sample purger, the trap, 
and the desorber. 

6.9.1, Sample Purger: The recommended purging chamber is designed to accept 5 mL samples 
with a water column at least 3 cm deep. The purge gas must pass through the water 
column as finely divided bubbles, each with a diameter of less than 3 mm at the origin. 
The purge gas must be introduced no more than 5 mm from the base of the water 
column. Alternative sample purge devices may be used provided equivalent 
performance is demonstrated. Low level soils are purged directly from a VOA vial. 

6.9.2. Trap: A variety of traps may be used, depending on the target analytes required. For 
most purposes the Vocarb 3000 trap is suitable. Other traps, such as Vocarb 4000, or 
Tenax / Silica gel / Charcoal may be used if the Quality Control criteria are met. 

01/22/02 
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6.9.3, Desorber: The desorber should be capable of rapidly heating the trap to 180°C. Many 
such devices are commercially available. 

m 
6.9.4. Sample Heater: A heater capable of maintaining the purge device at 40''C is necessary 

for low level soil analysis. 

6.10. Gas Chromatograph/Mass Spectrometer System: 

6.10.1, Gas Chromatograph: The gas chromatograph (GC) system must be capable of 
temperature programming. 

6.10.2, Gas Chromatographic Columns: Capillary columns are used. Some typical columns are 
listed below: 

6.10.2.1. Column 1: 105m x 0.53 ID Rtx-624 with 3 pm fihn thickness. 

6.10.2.2. Column 2: 75 m x 0,53 ID DB-624 widebore with 3 fim film thickness. 

6.10.2.3. Mass Spectrometer: The mass spectrometer must be capable of scanning 35-
300 AMU every two seconds or less, using 70 volts electron energy in the ^ ^ ^ 
electron impact mode and capable of producing a mass spectrum that meets the ^ ^ g i 
required criteria when 50 ng of 4-Bromofluorobenzene (BFB) are injected onto 
the gas chromatograph colunm inlet. 

6.10.3, GC/MS interface: In general glass jet separators are used but any interface (including 
direct introduction to the mass spectrometer) that achieves all acceptance criteria may be 
used. 

6.10.4. Data System: A computer system that allows the continuous acquisition and storage on 
machine readable media of all mass spectra obtained throughout the duration of the 
chromatographic program. The computer must have software that allows searching any 
GC/MS data file for ions of a specified mass and plotting such ion abundances versus 
time or scan number. This type of plot is defined as an Extracted Ion Current Profile 
(EICP). Software must also be available that allows integrating the abundances in any 
EICP between the specified time or scan-number limits. Also, for the non-target 
compounds, software must be available that allows for the comparison of sample 
spectra against reference library spectra. The most recent release of the NIST/EPA mass 
spectral library should be used as the reference library. The computer system must also 
be capable of backing up data for long-term off-line storage. 

6.10.5. Cryogem'c Cooling: Some columns require the use of liquid nitrogen to achieve the 
subambient temperattire required for the proper separation of the gases. 

% 

01/22/02 



Determination of Volatile analytes by GC/MS 
Analysis of Volatile Organics 
Based on Method 8260B, 8260A, and 624 

SOP No. CORP-MS-0002NC 
Revision No. 2 J 
Revision Date: 05/23/01 
Page 11 of67 

7. REAGENTS AND STANDARDS 

^ ^ 

0 

7.1. Reagents 

7.1.1. Methanol: Purge and Trap Grade, High Purity 

7.1.2. Reagent Water: High purity water that meets the requirements for a method blank when 
analyzed. (See section 9,4) Reagent water may be purchased as commercial distilled 
water and prepared by purging with an inert gas overnight. Other methods of preparing 
reagent water are acceptable. 

7.2. Standards 

7.2.1. Calibration Standard 

7.2.1.1, Stock Solutions: Stock solutions may be purchased as certified solutions from 
commercial sources or prepared from pure standard materials as appropriate. 
These standards are prepared in methanol and stored in Teflon-sealed screw-cap 
bottles with minimal headspace at -10° to -20*'C. 

7.2.1.2, Working standards: A working solution containing the compounds of interest 
prepared from the stock solution(s) in methanol. These standards are stored in the 
freezer or as recommended by the manufacturer. Working standards are 
monitored by comparison to the initial calibration curve. If any of the calibration 
check compounds drift in response from the initial calibration by more than 20% 
then corrective action is necessary. This may include steps such as instrument 
maintenance, preparing a new calibration verification standard or tuning the 
instrument. If the corrective actions do not correct the problem then a new initial 
calibration must be performed. 

7.2.1.3, Aqueous Calibration Standards are prepared in reagent water using the secondary 
dilution standards. These aqueous standards must be prepared daily, 

7.2.1.4, If stock or secondary dilution standards are purchased in sealed ampoules they 
may be used up to the manufacturers expiration date. 

7.2.2. Intemal Standards: Intemal standards are added to all samples, standards, and blank 
analyses. Refer to Table 7 for intemal standard components. 

7.2.3. Surrogate Standards: Refer to Table 8 for surrogate standard components and spiking 
levels. 
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7.2.4. Laboratory Control Sample Spiking Solutions: Refer to Table 9 for LCS components 
and spiking levels. 

7.2.5. Matrix Spiking Solutions: The matrix spike contains the same components as the LCS. 
Refer to Table 9. 

% 

7,2,6. Tum'ng Standard: A standard is made up that will deliver 50 ng on column upon 
injection. A recommended concentration of 25 ng/fiL of 4-Bromofluorobenzene in 
methanol is prepared as described in Sections 7,2,1,1 and 7.2.1.2. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Holding times for all volatile analysis are 14 days from sample collection, 

8.2. Water samples are normally preserved at pH < 2 with 1:1 hydrochloric acid. If residual 
chlorine is present, 2 drops of 10% sodium thiosulfate are added. 

8.3. Solid samples are field preserved with sodium bisulfate solution for low level analysis, or 
with methanol for medium level analysis. Soil samples can also be taken using the 
EnCore'''" sampler and preserved in the lab within 48 hours of sampling. At specific 
client request, unpreserved soil samples may be accepted. 

8.4. There are several methods of sampling soil. The recommended method, which provides 
the minimum of field difficulties, is to take an EnCore''"'^ sample. (The 5 g or 25 g 
sampler can be used, depending on client preference). Following shipment back to the 
lab the soil is preserved in methanol. This is the medium level procedure. If very low 
detection limits are needed (< 50 |ig/kg for most analytes) then it will be necessary to use 
two additional 5 g EnCore""^ samplers or to use field preservation. 

8.5. Sample collection for medium level analysis using EnCore""^ samplers. 

8.5.1. Ship one 5 g (or 25 g) EnCore''"'** sampler per field sample position. 

8.5.2. An additional bottle must be shipped for percent moistvire determination. 

8.5.3. When the samples are returned to the lab, extrude the (nominal) 5g (or 25 g) sample 
into a tared VOA vial containing 5 mL methanol (25 mL methanol for the 25 g 
sampler). Obtain the weight of the soil added to the vial and note on the label. 

8.5.4. Add the correct amount of surrogate spiking mixture, (Add 25 ^L of 2500 ng/mL 
solution for a nominal 25 g sample, 5 pL for a nominal 5 g sample.) Refer to Section 
17,8 for Michigan project criteria. 

• 

% 
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8.5.5, Add the correct amount of matrix spiking solution to the matrix spike and matrix 
spike duplicate samples, (Add 500 îL of 50 pig/mL solution for a nominal 25 g 
sample, 100 |iL for a nominal 5 g sample,) Reduce the volume of methanol added to 
ensure the final volume is 25 mL for nominal 25 g sample or 5 mL methanol for a 
nominal 5 g sample. Refer to Section 17,8 for Michigan project criteria. 

8.5.6, Prepare an LCS for each batch by adding the correct amount of matrix spiking 
solution to clean methanol. (50 ^L of spike to 25 mL methanol or 10 pL spike to 5 
mL methanol). Refer to Section 17.8 for Michigan project criteria. 

8.5.7. Shake the samples for two minutes to distribute the methanol throughout the soil. 

8.5.8. Allow to settle, then remove a portion of methanol and store in a clean Teflon capped 
vial at 4 ±2°C until analysis. 

8,6. Sample collection for medium level analysis using field methanol preservation 

8.6.1, Prepare a 2 oz sample container by adding 25 mL purge and trap grade methanol. (If a 
5 g sample is to be used, add 5 mL methanol to a 2 oz container or VOA vial). 

8.6.2, Seal the bottle and attach a label, 

8.6.3, Weigh the bottle to the nearest 0,01 g and note the weight on the label. 

8.6.4, Ship with appropriate sampling instructions. 

8.6.5, Each sample will require an additional bottle with no preservative for percent 
moisture determination. 

8.6.6, At client request, the methanol addition and weighing may also be performed in the 
field, 

8.6.7, When the samples are returned to the lab, obtain the weight of the soil added to the 
vial and note on the label, 

8.6.8, Add the correct amount of surrogate spiking mixture, (Add 25 ^L of 2500 pg/mL 
solution for a nominal 25 g sample, 5 pL for a nominal 5 g sample,) Refer to Section 
17.8 for Michigan project criteria, 

8.6.9, Add the correct amount of matrix spiking solution to the matrix spike and matrix 
spike duplicate samples. (Add 25 pL of 50 pg/mL solution for a nominal 25 g sample, 
100 pL for a nominal 5 g sample.) Reduce the volume of methanol added to ensure 
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the final volume is 25 mL for nominal 25 g sample or 5 mL methanol for a nominal 5 
g sample. Refer to Section 17.8 for Michigan project criteria. 

8.6.10. Prepare an LCS for each batch by adding the correct amount of matrix spiking 
solution to clean methanol. (500 pL of spike to 25 mL methanol or 100 pL spike to 5 
mL methanol). Refer to Section 17,8 for Michigan project criteria. 

8.6.11. Shake the samples for two minutes to distribute the methanol throughout the soil. 

8.6.12. Allow to settle, then remove a portion of methanol and store in a clean Teflon capped 
vial at 4+2°C until analysis. 

8.7. Low level procedure 

8.7.1. If low detection limits are required (typically < 50 pg/kg) sodium bisulfate 
preservation must be used. However, it is also necessary to take a sample for the 
medium level (field methanol preserved or using the EnCore'"'* sampler) procedure, 
in case the concentration of analytes in the soil is above the calibration range of the 
low level procedure. 

8.7.2. A purge and trap autosampler capable of sampling from a sealed vial is required for 
analysis of samples collected using this method, (Varian Archon or O.I. 4552). 

8.7.3. The soil sample is taken using a 5g EnCore"™ sampling device and returned to the 
lab. It is recommended that two EnCore''"'^ samplers be used for each field sample 
position, to allow for any reruns than may be necessary. A separate sample for % 
moisture determination is also necessary. 

8.7.4. Prepare VOA vials by adding a magnetic stir bar, approximately 1 g of sodium 
bisulfate and 5 mL of reagent water. 

8.7.5. Seal and label the vial. It is strongly recommended that the vial is labeled with an 
indelible marker rather than a paper label, since paper labels may cause the 
autosampler to bind and malfunction. The label absolutely must not cover the neck of 
the vial or the autosampler will malfunction. 

8.7.6. Weigh the vial to the nearest O.lg and note the weight on the label. 

8.7.7. Extrude the soil sample from the EnCore"'"'̂  sampler into the prepared VOA vial. 
Reweigh the vial to obtain the weight of soil and note on the label. 

Note: Soils containing carbonates may effervesce when added to the sodium bisulfate 
solution. If this is the case at a specific site, add 5 mL of water instead, and freeze at 

m̂  

m 

01/22/02 



0 

0 

Determination of Volatile analytes by GC/MS SOP No. CORP-MS-0002NC 
Analysis of Volatile Organics Revision No. 2 3 
Based on Method 8260B, 8260A, and 624 Revision Date: 05/23/01 

Page 15 of 67 

<-10°C within 48 hours, analyzed within 12 days after preserving with water, and 
stored at a 45 degree angle in the freezer. 

Note: Freezing is not allowed for Ohio VAP soil samples. 

8.7.9, Alternatively the sodium bisulfate preservation may be performed in the field. This is 
not recommended because of the many problems that can occur in the field setting. 
Ship at least two vials per sample. The field samplers must determine the weight of 
soil sampled. Each sample will require an additional bottle with no preservative for 
percent moisture determination, and an additional bottle preserved with methanol for 
the medium level procedure. Depending on the type of soil it may also be necessary 
to ship vials with no or extra preservative. 

8.8. Unpreserved soils 

8.8.1. At specific client request unpreserved soils packed into glass jars or brass tubes may 
be accepted and suhsampled in the lab. This is the old procedure based on method 
5030A and method 8260A. It is no longer included in SW846 and is likely to 
generate results that are biased low, possibly be more than an order of magnitude. 

8.9. Aqueous samples are stored in glass containers with Teflon lined septa at 4°C +/- 2**C, 
with minimum headspace. 

8.10. Medium level solid extracts are aliquoted into 2 - 5 mL glass vials with Teflon lined caps 
and stored at 4°C +/- 2°C, The extracts are stored with minimum headspace. 

8.11. The maximum holding time is 14 days from sampling until the sample is analyzed. 
(Samples that are found to be unpreserved still have a 14 day holding time. However they 
should be analyzed as soon as possible. The lack of preservation should be addressed in 
the case narrative). Maximum holding time for the EnCore''"'^ sampler (before the sample 
is added to methanol or sodium bisulfate) is 48 hours, 

8.12. A holding blank is stored with the samples. This is analyzed and replaced if any of the 
trip blanks show any contamination. Otherwise it is replaced every 14 days. 

# 
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EnCore procedure when low level Is no t required (field s teps 
in gray) 

Ship one EnCore 
sampler and one bottie 

for %moisture per 
sample location 

Reweigh vial to obtain 
soil weight. 

Shake for 2 minutes. 
Allow to settle, then 

remove approximately 
5 mL methanol and 
store in a septum 

capped vial. 

Extrude soil sample 
from EnCore into tared 

septum capped vial 
containing 25 mL 

methanol 

Sample is ready for 
analysis 

EnCore procedure when low level is requi red 

Ship one 25g and two 
5 g EnCore samplers 

and one bottle for 
%moisture per sample 

location 

Reweigh vial to obtain 
soil weight 

Extrude the two 5g 
samplers into separate 

tared VOA vials 
containing 5 mL 
sodium bisulfate 

solution 

Shake for 2 minutes. 
Allow to settle, then 

remove approximately 
5 mL methanol and 
store in a septum 

capped vial. 

Store for low level 
analysis if needed 

Extrude 25g soil 
sample from EnCore 

into tared septum 
capped vial containing 

25 mL methanol 

Sample is ready for 
analysis 

m 

Sample is ready for 
analysis 

• 
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Field methanol extract ion procedure (f ield steps in gray) 

Prepare a septum 
capped vial containing 

5 mL methanol for 
each sample location 

fidSuse^; .,-,-. — 

Weigh the sample vial 
on receipt. If different 
from the weight noted 
by the sampling crew, 
note as an anomaly 

and contact the client 

Weigh the vial and 
record the weight to the 

nearest 0.01 g on the 
label. 

Ship following DOT 
regulations for 

flammable liquids and 
include a separate 

bottle for each sample 
location for % moisture 

Shake for two minutes. 
Allow to settle, then 

remove approximately 
1 mL of methanol and 

store in a septum 
capped vial 

Sample is ready for 
analysis 

0 
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Field bisulfate preservation procedure (field steps in gray) 

Prepare a septum 
capped vial containing 
1g sodium bisulfate in 
5 mL water for each 
. sample location 

g:^^M1Bs^polatTtes 
tandlmaylresDltunsf 
•^^^ '̂Via exploding^ 

Sample is ready for 
analysis 

Weigh the vial and 
record the weight to the 

nearest O.OIg on the 
label. 

Ship following DOT 
regulations for 

corrosive liquids and 
include a separate 

bottle for each sample 
location for % moisture 

^feetUrn^tg, thsj ab§ 
'oltowingjDOnSshippingi 

%reauIa,tiQn§rfor 

Weigh the sample vial 
on receipt If different 
from the weight noted 
by the sampling crew, 
note as an anomoly 

and contact the client 

^otes: 
1. When following this procedure, a methanol 
Dreserved sample must also be collected, for screening 
and in case the sample contains high levels of analytes. 
I. Due to the high probability of sampling protilems, 
his method is not recommended 

% 
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QP 

9. QUALITY CONTROL 

9.1. Initial Demonstration of Capability 

9.1.1. For the standard analyte list, the initial demonstration described in Section 13 and 
method detection limit (MDL) studies must be acceptable before analysis of samples 
may begin. MDLs should be analyzed for low and mediimi soils and aqueous 
samples, 

9.1.2. For non-standard analytes, a MDL study must be performed and calibration curve 
generated before analyzing any samples, unless lesser requirements are previously 
agreed to with the client. In any event, the minimum initial demonstration required is 
analysis of a standard at the reporting limit and a single point calibration. 

9.2. Control Limits 

In-house historical control limits must be determined for surrogates, matrix spikes, and 
laboratory control samples (LCS). These limits must be determined at least annually. 
The recovery limits are mean recovery +/- 3 standard deviations for surrogates, matrix 
spikes and LCS, Precision limits for matrix spikes / matrix spike duplicates are 0 to mean 
relative percent difference + 3 standard deviations. 

9.2.1. All surrogate, LCS, and MS recoveries (except for dilutions) must be entered into 
QuantlMS (when available) or other database so that accurate historical control limits 
can be generated. For tests without a separate extraction, surrogates and matrix spikes 
will be reported for all dilutions. 

9.2.2. Refer to the QC Program document (QA-003) for further details of control limits. 

9.3. Surrogates 

Every sample, blank, and QC sample is spiked with surrogates. Surrogate recoveries in 
samples, blanks, and QC samples must be assessed to ensure that recoveries are within 
established limits. The compounds included in the surrogate spiking solutions are listed in 
Table 8. If any surrogates are outside limits, the following corrective actions must take 
place (except for dilutions): 

• Check all calculations for error. 

• Ensure that instrument performance is acceptable. 

• Recalculate the data and/or reanalyze if either of the above checks reveal a problem. 
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• Reprepare and reanalyze the sample or flag the data as "Estimated Concentration" if 
neither of the above resolves the problem. 

The decision to reanalyze or flag the data should be made in consultation with the client. 
It is only necessary to reprepare/reanalyze a sample once to demonstrate that poor 
surrogate recovery is due to matrix effect, unless the analyst believes that the repeated out 
of control results are not due to matrix effect. 

9.3.1. If the surrogates are out of control for the sample, matrix spike, and matrix spike 
duplicate, then matrix effect has been demonstrated for that sample and repreparation 
is not necessary. If the sample is out of control and the MS and/or MSD is in control, 
then reanalysis or flagging of the data is required, 

9.3.2, Refer to the STL QC Program document (QA-003) for further details of the corrective 
actions. 

9.4. Method Blanks 

9.4.1. For each batch of samples, analyze a method blank. The method blank is analyzed 
after the calibration standards, normally before any samples. For low-level volatiles, 
the method blank consists of reagent water. For medium-level volatiles, the method 
blank consists of 25.0 mL of methanol. Surrogates are added and the method blank is 
carried through the entire analytical procedure. The method blank must not contain 
any analyte of interest at or above the reporting limit (except common laboratory 
contaminants, see below) or at or above 5% of the measured concentration of that 
analyte in the associated samples, whichever is higher. 

• If the analyte is a common laboratory contaminant (methylene chloride, acetone, 2-
butanone) the data may be reported with qualifiers if the concentration of the analyte 
is less than five times the reporting limit. Such action must be taken in consultation 
with the client. 

• Reanalysis of samples associated with an unacceptable method blank is required when 
reportable concentrations are determined in the samples. 

• If there is no target analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such action 
should be done in consultation with the client. 

9.4.2. The method blank must have acceptable surrogate recoveries. If surrogate recoveries 
are not acceptable, the data must be evaluated to determine if the method blank has 
served the purpose of demonstrating that the analysis is free of contamination. If 
surrogate recoveries are low and there are reportable analytes in the associated samples 

% 

• 
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re-extraction of the blank and affected samples will normally be required. Consultation 
with the client should take place. 

9.4.3. If reanalysis of the batch is not possible due to limited sample volume or other 
constraints, the method blank is reported, all associated samples are flagged with a "B," 
and appropriate comments may be made in a narrative to provide further documentation. 

9.4.4. Refer to the STL QC Program document (QA-003) for further details of the corrective 
actions, 

9,5. Laboratory Control Samples (LCS) 

9.5.1. For each batch of samples, analyze a LCS. The LCS is analyzed after the calibration 
standard, and normally before any samples. The LCS contains a representative subset of 
the analytes of interest (See Table 9), and must contain the same analytes as the matrix 
spike. If any analyte or surrogate is outside established control limits, the system is out of 
control and corrective action must occur. Corrective action will normally be 
repreparation and reanalysis of the batch. 

• If the batch is not re-extracted and reanalyzed, the reasons for accepting the batch 
must be clearly presented in the project records and the report, (Examples of 
acceptable reasons for not reanalyzing might be that the matrix spike and matrix spike 
duplicate are acceptable, and sample surrogate recoveries are good, demonstrating 
that the problem was confined to the LCS,) 

• If re-extraction and reanalysis of the batch is not possible due to limited sample 
volume or other constraints, the LCS is reported, all associated samples are flagged, 
and appropriate comments are made in a narrative to provide further documentation, 

9.5.2, Refer to the STL QC Program document (QA-003) for further details of the corrective 
action, 

9.5.3. If full analyte spike lists are used at client request, it will be necessary to allow a 
percentage of the components to be outside control limits as this would be expected 
statistically. These requirements should be negotiated with the client. Refer to 
Section 17,5 for Ohio VAP specific analytes. 

# 
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9.6, Matrix Spikes 

9.6.1, For each QC batch, analyze a matrix spike and matrix spike duplicate. Spiking 
compounds and levels are given in Table 9, Compare the percent recovery and relative 
percent difference (RPD) to that in the laboratory specific historically generated limits. 
See Section 17.5 for Ohio VAP specific analytes. 

• If any individual recovery or RPD falls outside the acceptable range, corrective action 
must occur. The initial corrective action will be to check the recoveiy of that analyte 
in the Laboratory Control Sample (LCS). Generally, if the recovery of the analyte in 
the LCS is within limits, then the laboratory operation is in control and analysis may 
proceed. The reasons for accepting the batch must be documented. 

• If the recovery for any component is outside QC limits for both the matrix spike/ 
spike duplicate and the LCS, the laboratory is out of control and corrective action 
must be taken. Corrective action will normally include reanalysis of the batch. 

• If a MS/MSD is not possible due to limited sample, then a LCS duplicate should be 
analyzed, RPD of the LCS and LCSD are compared to the matrix spike limits. 

• The matrix spike/duplicate must be analyzed at the same dilution as the unspiked 
sample, even if the matrix spike compounds will be diluted out 

9.7, Nonconformance and Corrective Action 

9,7,1. Any deviations from QC procedures must be documented as a nonconformance, with 
applicable cause and corrective action approved by the facility QA Manager. 

9.8. Quality Asstirance Sununaries 

Certain clients may require specific project or program QC which may supersede these 
method requirements. Quality Assurance Summaries should be developed to address 
these requirements. 

9.9. STL QC Program 

Further details of QC and corrective action guidelines are presented in the STL QC 
Program document (QA-003). Refer to this document if in doubt regarding corrective 
actions. 

» 

• 

• 
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10. CALIBRATION AND STANDARDIZATION 

0 

10.1. Summary 

10,1,1, Prior to the analysis of samples and blanks, each GC/MS system must be tuned and 
calibrated. Hardware timing is checked through the analysis of the 4-Bromofluorobenzene 
(BFB) to establish that a given GC/MS system meets the standard mass spectral abundance 
criteria. The GC/MS system must be calibrated initially at a minim\im of five concentrations 
(analyzed under the same BFB tune), to determine the linearity of the response utilizing 
target calibration standards. Once the system has been calibrated, the calibration must be 
verified each twelve hour time period for each GC/MS system. 

10,2,1. General 

Electron Energy: 
Mass Range: 
Scan Time: 

Injector Temperature: 
Source Temperature: 
Transfer Line 
Purge Flow: 
Carrier Gas 
Make-up Gas Flow: 

70 volts (nominal) 
35-300 AMU 
to give at least 5 scans/peak, but not to exceed 2 
second/scan 
20(>-250°C 
According to manufacturer's specifications 
Temperature: 25O-300°C 
40 mL/minute 
Flow: 15 mL/minute 
25-30 mL/minute 

10.2.2. Gas chromatograph suggested temperature program 

10.2,2.1. BFB Analysis 

Isothermal: 

10.2,2.2. Sample Analysis 

170°C 

Initial Temperature: 
Initial Hold Time: 
Temperatvire Program: 
Final Temperature: 
Second Temperature 
Final Temperature: 
Final Hold Time: 

40°C 
4 minutes 
8°C/minute 
184°C 
Program: 40°C/minute 
240°C 
2.6 minutes 

10,3. Instrument Tuning 
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10.3.1. Each GC/MS system must be hardware-tuned to meet the abundance criteria listed in 
Table 10 for a maximum of a 50 ng injection or purging of BFB. Analysis must not 
begin until these criteria are met. These criteria must be met for each twelve-hour time 
period. The twelve-hour time period begins at the moment of injection of BFB. 

m 

10,4. Initial Calibration 

10.4.1. A series of five initial calibration standards is prepared and analyzed for the target 
compounds and each surrogate compound. Six standards must be used for a quadratic 
least squares calibration. Suggested calibration levels for a 5 mL purge are: 5, 20, 50, 
100, and 200 pg/L. Certain analytes are prepared at higher concentrations due to poor 
purge performance. Suggested calibration levels for a 25 mL purge are 1,5, 10, 20, 
and 40 pg/L, Again, some analytes are prepared at higher levels. Tables 2 and 4 list 
the calibration levels for each analyte. Other calibration levels and purge volvmies 
may be used depending on the capabilities of the specific instrument, (For example, 
adequate sensitivity can be obtained on the Agilent 5973 instruments to use a 5 mL 
purge volume to reach the same reporting limits that once required a 25 mL purge. 
The calibration levels will still be the same 1,5,10, 20,40pg/L.) However, the same 
purge volume must be used for calibration and sample analysis, and the low level 
standard must be at or below the reporting limit. 

10.4.2. It may be necessary to analyze more than one set of calibration standards to encompass 
all of the analytes required for same tests. For example, the Appendix DC list requires 
the Primary standard (Table 5) and the Appendix IX standard (Table 6). If acceptable 
analytical performance can be obtained the primary and appendix DC standards may be 
analyzed together. 

10.4.3. Intemal standard calibration is used. The intemal standards are listed in Table 7. Target 
compounds should reference the nearest intemal standard. Each calibration standard is 
analyzed and the response factor (RF) for each compound is calculated using the area 
response of the characteristic ions against the concentration for each compound and 
intemal standard. See equation 1, Section 12, for calculation of response factor. 

10.4.4. The % RSD of the calibration check compounds (CCC) must be less than 30%, Refer to 
Table 12 for the CCCs, 

10,4.4,1, If none of the CCCs are required analytes, project specific calibration 
specifications must be agreed with the client. 

10.4.5. The average RF must be calculated for each compound. A system performance check is 
made prior to using the calibration curve. The five system performance check 
compounds (SPCC) are checked for a minimum average response factor. Refer to Table 
11 for the SPCC compounds and required minimum response factors. 
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10.4.6. If the average of all the %RSDs in the calibration is < 15%, then all analytes may use 
average response factor for calibration. 

10.4.6.1. If the software in use is capable of routinely reporting curve coefficients for 
data validation purposes, and the necessary calibration reports can be 
generated, then the analyst should evaluate analytes with %RSD > 15% for 
calibration on a curve. If it appears that substantially better accuracy would be 
obtained using quantitation from a curve then the appropriate curve should be 
used for quantitation. If Relative Standard Error (RSE) is used to evaluate the 
curve it must be better than 15%. Otherwise the correlation coefficient 
(coefficient of determination for non-linear curves) must be > 0.990. 

10.4.6.2. If the average of all the %RSDs in the calibration is > 15% then calibration on 
a curve must be used for all analytes with %RSD > 15%. Linear or quadratic 
curve fits may be used. The analyst should consider instrument maintenance 
to improve the linearity of response. If Relative Standard Enor (RSE) is used 
to evaluate the curve it must be better than 15%. If the % RSD is > 15%, the 
analyst may drop the low or high in the ICAL, as long as a minimum of 5 
points are maintained and the quantitation range is adjusted accordingly. 
Otherwise the correlation coefficient, (coefficient of determination, r̂  for non
linear curves) must be > 0.990. If the correlation coefficient is < 0.990, then 
any hit for these compounds must be flagged as estimated. 

10.4.6.3. Refer to Section 17.5 for specific Ohio VA? criteria. 

10.4.7. Weighfing of data points 

In a linear or quadratic calibration fit, the points at the lower end of the calibration 
curve have less weight in determining the curve generated than points at the high 
concentration end of the curve. However, in environmental analysis, accuracy at the 
low end of the curve is very important. For this reason it is preferable to increase the 
weighting of the lower concentration points. 1/Concentration^ weighting (often called 
1/X weighting) will improve accuracy at the low end of the curve and should be used 
if the data system has this capability. 

10.4.8. If time remains in the 12-hour period initiated by the BFB injection before the initial 
calibration, samples may be analyzed. Otherwise, proceed to continuing calibration. 

10.4.9. The calibration standards for the initial 5-point calibration for low level soils that are not 
preserved in sodium bisulfate (i.e. are preserved by freezing, or not preserved) must be 
heated to 40°C for purging. Using this calibration curve for water samples is acceptable 
as long as all calibration, QC, and samples are also heated to 40°C. A separate five point 
calibration must be prepared for analysis of low level soils that are preserved with 
sodium bisulfate. Low level soils analysis requires the use of a closed vial autosampler 
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such as the Varian Archon, O.I. 4552 or Tekmar Precept. Each standard for analysis of 
sodium bisulfate preserved samples is prepared by spiking the methanolic standard 
solution through the septum of a VOA vial containing 5 mL of water and 1 g sodium 
bisulfate. The standards are heated to 40°C for purging. All low-level soil samples, 
standards, and blanks must also be heated to 40°C for purging. Medium soil extracts 
should be analyzed using the water (unheated or optionally heated) calibration curve as 
long as all calibration standards, samples, and QC samples are purged at the same 
temperatxire, 

10,4.10.Non-standard analytes are sometimes requested. For these analytes, it is acceptable 
to analyze a single standard at the reporting limit with each continuing calibration 
rather than a five point initial calibration. If the analyte is detected in any of the 
samples, a five point initial calibration must be generated and the sample(s) 
reanalyzed for quantitation. However, if the analyte is not detected, the non-detect 
may be reported and no further action is necessary. 

Note: This procedure is may not be used for Ohio VAP samples. 

10.5. Continuing Calibration: The initial calibration must be verified every twelve hours. 

10.5.1. Continuing calibration begins with analysis of BFB as described in Section 10.3. If the ^ H A 
system tune is acceptable, the continuing calibration standard(s) are analyzed. The level 
3 calibration standard is used as the continuing calibration. 

10.5.2. The RF data from the standards are compared with the average RF from the initial five-
point calibration to determine the percent drift of the CCC compounds. The calculation 
is given in equation 4, Section 12.3.4. 

10.5.3. The % drift of the CCCs must be < 20% for the continuing calibration to be valid. The 
SPCCs are also monitored. The SPCCs must meet the criteria described in Table 11. In 
addition, the % drift of all analytes must be < 50% wdth allowance for up to six target 
analytes to have % drift > 50%. 

10.5.3.1. If none of the CCCs are required analytes, project specific calibration 
specifications must be agreed with the client. 

10.5.3.2. Cyclohexanone, one of the components of the Appendix IX standard, is 
unstable in the calibration solution, forming 1,1-dimethoxycyclohexane. No 
calibration criteria are applied to cyclohexanone and quantitation is tentative. 
Cyclohexanone is included on the Universal Treatment Standard and FO-39 
regulatory lists (but not on Appendix DC). 

10.5.3.3, Refer to Table 12 for specific Ohio VAP analytes. % 
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10.5.4. If the CCCs and or the SPCCs do not meet the criteria in Sections 10,5,3 and 10,5,4, the 
system must be evaluated and corrective action must be taken. The BFB tune and 
continuing calibration must be acceptable before analysis begins. Extensive corrective 
action such as a different type of column will require a new initial calibration, 

10.5.5, Once the above criteria have been met, sample analysis may begin. Initial calibration 
average RFs (or the calibration curve) will be used for sample quantitation, not 
the continuing calibration RFs. Analysis may proceed until 12 hours from the 
injection of the BFB have passed. (A sample desorbed less than or equal to 12 hours 
after the BFB is acceptable.) 

11. PROCEDURE 

11.1. Procedural Variations 

11.1.1. One time procedural variations are allowed only if deemed necessary in the professional 
judgment of supervision to accommodate variation in sample matrix, radioactivity, 
chemistry, sample size, or other parameters. Any variation shall be completely 
documented using a Nonconformance Memo and approved by a Supervisor or group 
leader and QA Manager. If contractually required, the client shall be notified. The 
Nonconformance Memo shall be filed in the project file, 

11.1.2, Any unauthorized deviations from this procedure must also be docvunented as a 
nonconformance, with a cause and corrective action described, 

11.2. Preliminary Evaluation 

11.2.1. Where possible, samples are screened by headspace or GC/MS off-tune analysis to 
determine the correct aliquot for analysis. Alternatively, an appropriate aliquot can be 
determined from sample histories, 

11.2.2, Dilutions should be done just prior to the GC/MS analysis of the sample. Dilutions are 
made in volumetric flasks or in a Luerlok syringe. Calculate the volume of reagent 
water required for the dilution. Fill the syringe with reagent water, compress the water 
to vent any residual air and adjust the water volume to the desired amount. Adjust the 
plunger to the mark and inject the proper aliquot of sample into the syringe. If the 
dilution required would use less than 1 pL of sample then serial dilutions must be made 
in volumetric flasks. 

0 
11,2,2.1, The diluted concentration is to be estimated to be in the upper half of the 

calibration range. 
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11.3. Sample Analysis Procedure 

11.3.1, All analysis conditions for samples must be the same as for the continuing calibration 
standards (including purge time and flow, desorb time and temperature, column 
temperatures, multiplier setting etc.). 

11.3.2, All samples must be analyzed as part of a batch. The batch is a set of up to 20 samples 
of the same matrix processed using the same procedures and reagents within the same 
time period. The batch also must contain a MS/MSD, a LCS, and a method blank. 

11.3.2.1. If there is insufficient time in the 12-hour tune period to analyze 20 samples, 
the batch may be continued into the next tune period. However, if any re-tuning 
of the instrument is necessary, or if a period of greater than 24 hours from the 
preceding BFB tune has passed, a new batch must be started. For medium level 
soils the batch is defined at the sample preparation stage. 

11.3.2.2. Laboratory generated QC samples (Blank, LCS, MS/MSD) do not count 
towards the maximum 20 samples in a batch. Field QC samples are included 
in the batch count. 

11.3.2.3. It is not necessary to reanalyze batch QC with reanalyses of samples. However, f|^^ 
any reruns must be as part of a valid batch. ^ ^ 

11.4, Water Samples 

11.4.1. All samples and standard solutions must be at ambient temperature before analysis. 

11.4.2. Fill a syringe with the sample. If a dilution is necessary it may be made in the syringe if 
the sample aliquot is > 5 pL. Check and document the pH of the remaining sample. 

11.4.3. Add 250 ng of each intemal and surrogate standard (10 pL of a 25 pg/mL solution, refer 
to Tables 7,8 and 16), The intemal standards and the surrogate standards may be mixed 
and added as one spiking solution (this results in a 50 pg/L solution for a 5 mL sample, 
and a 10 pg/L solution for a 25 mL sample). Inject the sample into the purging chamber. 

11.4,3,1. For TCLP samples use 0,5 mL of TCLP leachate with 4,5 mL reagent water and 
spike with 10 pL of the 25 pg/mL TCLP spiking solution. (Note that TCLP 
reporting limits will be 10 times higher than the corresponding aqueous limits). 

11.4.4. Purge the sample for eleven minutes (the trap must be below 35*'C). 

11.4.5. After purging is complete, desorb the sample, start the GC temperature program, and ^ K ^ 
begin data acquisition. After desorption, bake the trap for approximately 3-10 minutes ^ ^ 
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to condition it for the next analysis. When the trap is cool, it is ready for the next 
sample. 

11.4,6, Desorb and bake time and temperature are optimized for the type of trap in use. The 
same conditions must be used for samples and standards, 

11.5. Methanol Extract Soils 

11,5,1, Rinse a gas-tight syringe with organic free water. Fill the syringe with the same 
volume of organic free water as used in the calibrations. Add no more than 2% (v/v) 
(100 pL for a 5 mL purge) methanolic extract (from Section 8.5 or 8,6) to the syringe. 
Add intemal standard (if used). Load the sample onto the purge and trap device and 
analyze as for aqueous samples. If less than 5pL of methanolic extract is to be added 
to the water, dilute the methanolic extract such that a volume greater than 5pL will be 
added to the water in the syringe. Refer to Section 17.8 for Michigan project 
requirements. 

11.6. Liquid wastes that are soluble in methanol and insoluble in water. 

11.6.1. Pipet 2 mL of the sample into a tared vial. Use a top-loading balance. Record the weight 
to the nearest 0.1 gram. 

11.6.2. Quickly add 7 mL of methanol, then add 1 mL of surrogate spiking solution to bring the 
final volume to 10 mL. Cap the vial and shake for 2 minutes to mix thoroughly. For a 
MS/MSD or LCS, 6 mL of methanol, 1 mL of surrogate solution, and 1 mL of matrix 
spike solution is used. 

11.6.3. Rinse a gas-tight syringe with organic free water. Fill the syringe with the same 
volume of organic free water as used in the calibrations. Add no more than 2% (v/v) 
(100 pL for a 5 mL purge) methanolic extract (from Section 8.5 or 8.6) to the syringe. 
Add intemal standard (if used). Load the sample onto the purge and trap device and 
analyze as for aqueous samples. If less than 5pL of methanolic extract is to be added 
to the water, dilute the methanolic extract such that a volume greater than 5pL will be 
added to the water in the syringe, 

11.7. Aqueous and Low level Soil Sample Analysis (Purge and Trap units that sample directly 
from the VOA vial) 

11.7.1. Units which sample from the VOA vial should be equipped with a module which 
automatically adds svurogate and intemal standard solution to the sample prior to 
purging the sample. 
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11.7.2. If the autosampler uses automatic IS/SS injection, no further preparation of the VOA 
vial is needed. Otherwise the intemal and surrogate standards must be added to the 
vial. Note: Aqueous samples with high amounts of sediment present in the vial may 
not be suitable for analysis on this instrumentation, or they may need to analyzed as 
soils. 

11.7.3. Soil samples must be quantitated against a curve prepared with standards containing 
about the same amount of soditim bisulfate as the samples (1 g in 5 mL). 

11.7.4. Sample remaining in the vial after sampling with one of these mechanisms is no 
longer valid for further analysis, A fresh VOA vial must be used for further sample 
analysis. 

11.7.5. For aqueous samples, check the pH of the sample remaining in the VOA vial after 
analysis is completed. 

11.8. Low-Level Solids Analysis using discrete autosamplers. Method 8260A, 5030A. 

Note: This technique may seriously underestimate analyte concentration and must 
not be used except at specific client request for the purpose of comparability with 
previous data. It is no longer part of SW-846. 

This method is based on purging a heated soil/sediment sample mixed with reagent 
water containing the surrogates and internal standards. Analyze all reagent blanks and 
standards under the same conditions as the samples (e.g., heated). The calibration curve 
is also heated during analysis. Purge temperature is 4(fC. 

11.8.1. Do not discard any supernatant liquids. Mix the contents of the container with a 
narrow metal spatula. 

11.8.2. Weigh out 5 g (or other appropriate aliquot) of sample into a disposable culture tube 
or other purge vessel. Record the weight to the nearest 0.1 g. If method sensitivity is 
demonstrated, a smaller aliquot may be used. Do not use aliquots less than 1.0 g. If 
the sample is contaminated with analytes such that a purge amount less than 1.0 g is 
appropriate, use the medium level method. For the medium level method, add 4g soil 
to 10 mL methanol containing the surrogates, mix for two minutes, allow to settle 
then remove a portion of the methanol and store in a clean Teflon capped vial at 4X^ 
until analysis. Analyze as described in section 11.5. 

11.8.3. Connect the purge vessel to the purge and trap device. 

11.8.4. Rinse a 5 mL gas-tight syringe with organic free water, and fill. Compress to 5 mL 
Add surrogate/internal standard (and matrix spike solutions if required). Add 
directly to the sample from 11.5.2. 

% 
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11.8.5. The above steps should be performed rapidly and without interruption to avoid loss of 
volatile organics. 

11.8.6. Add the heater jacket or other heating device and start the purge and trap unit. 

11.8.7. Soil samples that have low IS recovery when analyzed (<50%) should be reanalyzed 
once to confirm matrix effect. 

11.9. Medium-Level Soil/Sediment and Waste Samples 

11,9,5, Sediments/soils and waste that are insoluble in methanol. 

11.9.5.1. Sediments/soils and waste that are insoluble in methanol. 

11.9.5.1.1. Gently mix the contents of the sample container with a narrow metal or 
wood spatula. Weigh 4 g (wet weight) into a tared vial. Use a top-loading 
balance. Record the weight to 0.1 gram. Do not discard any supernatant 
liquids, 

11.9.5.1.2, Quickly add 9 mL of methanol, and 1 mL of surrogate spiking solution to 
bring the final volume of methanol to 10 mL. For an LCS or MS/MSD 
sample add 8 mL of methanol, 1 mL of surrogate spike solution, and 1 mL 
of matrix spike solution. Cap the vial and vortex to mix thoroughly. 

NOTE: Sections 11.9.5.1.1 and 11,9,5.1.2 must be performed rapidly and 
without interruption to avoid the loss of volatile organics. 

11.10. Initial review and corrective actions 

# 

11.10.1. If the retention time for any intemal standard in the continuing calibration 
changes by more than 0.5 minutes from the mid-level initial calibration standard, the 
chromatographic system must be inspected for malfunctions and corrected. Reanalysis 
of samples analyzed while the system was malfunctioning is required. 

11.10.2, If the intemal standard response in the continuing calibration is more than 
200% or less than 50% of the response in the mid-level of the initial calibration 
standard, the chromatographic system must be inspected for malfunctions and 
corrected. Reanalysis of samples analyzed while the system was malfunctioning is 
required. 

11.10,2,1. Any samples that do not meet the intemal standard criteria for the continuing 
calibration must be evaluated for validity. If the change in sensitivity is a matrix 
effect confined to an individual sample reanalysis is not necessary. If the change 
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% in sensitivity is due to instrumental problems all affected samples must be 
reanalyzed after the problem is corrected. 

11.10.3. The surrogate standard recoveries are evaluated to ensure that they are within 
limits. Corrective action for surrogates out of control will normally be to reanalyze the 
affected samples. However, if the surrogate standard response is out high and there are 
no target analytes or tentatively identified compounds, reanalysis may not be necessary. 
Out of control surrogate standard response may be a matrix effect. It is only necessary to 
reanalyze a sample once to demonstrate matrix effect, but reanalysis at a dilution should 
be considered. 

11.11. Dilutions 

If the response for any compound exceeds the working range of the GC/MS system, a 
dilution of the extract is prepared and analyzed. An appropriate dilution should be in the 
upper half of the calibration range. Samples may be screened to determine the 
appropriate dilution for the initial run. If the initial diluted run has no hits or hits below 
20% of the calibration range and the matrix allows for analysis at a lesser dilution, then 
the sample must be reanalyzed at a dilution targeted to bring the largest hit above 50% of 
the calibration range. 

11.10.1. Guidance for Dilutions Due to Matrix ^ 9 ^ 

If the sample is initially mn at a dilution and the baseline rise is less than half the 
height of the intemal standards, or if individual non target peaks are less than twice 
the height of the intemal standards, then the sample should be reanalyzed at a more 
concentrated dilution. This requirement is approximate and subject to analyst 
judgement. 

11.10.2. Reporting Dilutions 

The most concentrated dilution with no target compounds above the calibration range 
will be reported. Other dilutions will only be reported at client request, 

12. DATA ANALYSIS AND CALCULATIONS 

12.1. Qualitative identification 

An analyte is identified by retention time and by comparison of the sample mass spectrum 
with the mass spectrum of a standard of the suspected compound (standard reference 
spectrum). Mass spectra for standard reference may be obtained on the user's GC/MS by 
analysis of the calibration standards or from the NIST Library. Two criteria must be 
satisfied to verify identification: (1) elution of sample component at the same GC 
retention time as the standard component; and (2) correspondence of the sample t 
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component and the standard component characteristic ions. (Note: Care must be taken to 
ensure that spectral distortion due to co-elution is evaluated.) 

• The sample component retention time must compare to within ± 0.2 min, of the 
retention time of the standard component. For reference, the standard must be run 
within the same twelve hours as the sample. 

• All ions present in the standard mass spectra at a relative intensity greater than 
10% (most abundant ion in the spectrum equals 100%) should be present in the 
sample spectrum. 

• The relative intensities of ions should agree to within ±30% between the standard 
and sample spectra. (Example: For an ion with an abundance of 50% in the 
standard spectra, the corresponding sample abundance must be between 20 and 80 
percent.) 

12.1,1, If a compound carmot be verified by all the above criteria, but in the technical 
judgment of the analyst, the identification is correct, then the analyst shall report that 
identification and proceed with quantitation. 

12,2. Tentatively Identified Compounds (TICs) 

12.2,1. If the client requests components not associated with the calibration standards, a search 
of the NIST library may be made for the pvupose of tentative identification. Guidelines 
are: 

12.2.1.1. Relative intensities of major ions in the reference spectrum (ions > 10% of the 
most abundant ion) should be present in the sample spectrum. 

12.2.1.2. The relative intensities of the major ions should agree to within 20%, (Example: 
If an ion shows an abundance of 50% in the standard spectrum, the 
corresponding sample ion abundance must be between 30% and 70%), 

12.2.1.3. Molecular ions present in the reference spectrum should be present in the sample 
spectrum. 

12.2.1.4. Ions present in the sample spectrum but not in the reference spectrum should be 
reviewed for possible background contamination or presence of coeluting 
compounds. 

12.2.1.5. Ions present in the reference spectrum but not in the sample spectrum should be 
reviewed for possible subtraction from the spectrum because of backgrovmd 
contamination or coeluting peaks. (Data system reduction programs can 
sometimes create these discrepancies.) 
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12.2.1.6. Computer-generated library search routines should not use normalization 

routines that would misrepresent the library or unknown spectra when compared 
to each other. Only after visual inspection of the sample with the nearest library 
searches should the analyst assign a tentative identification. 

12.3. Calculations, 

12.3.1. Response factor (RF): 
Equation 1 

R F = ^ ^ 

AisCx 

Where: 

Ax = Area of the characteristic ion for the compoimd to be measured 

Ajs = Area of the characteristic ion for the specific intemal standard 

Cis = Concentration of the specific intemal standard, ng ^ ^ ^ 

Cx = Concentration of the compound being measured, ng ^ S F 

12.3.2. Standard deviation (SD): 
Equation 2 

Vrr N-\ 

Xi = Value of X at i through N 

N = Number of points 

X = Average value of A/ 

12,3,3. Percent relative standard deviation (%RSD): 

Equation 3 

VoRSD = StandardDeviation ^ ^^^ 
RFi 

RFi = Mean of RF values in the curve 
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12.3.4. Percent drift between the initial calibration and the continuing calibration: 

Equation 4 

O/ TV •** Ctxpected - Cfound 

% Drift = X 100 
v^cxptclcd 

Where 

C««p«tcd = Known concentration in standard 

Cfound = Measured concentration using selected quantitation method 

12.3.5. Target compovmd and surrogate concentrations: 

Concentrations in the sample may be determined from linear or second order (quadratic) 
curve fitted to the initial calibration points, or from the average response factor of the 
initial calibration points. Average response factor may only be used when the % RSD of 
the response factors in the initial calibration is < 15%. 

12,3,5,1. Calculation of concentration using Average Response Factors 

Equation 5 

X 

Concentration //g / L = 
R F 

12.3.5.2, Calculation of concentration using Linear fit 

Equation 6 

Concentration / i g / h = A + Bx 

12.3.5.3. Calculation of concentration using Quadratic fit 

Equation 7 

Concentration ^ / h = A + B x + Cx^ 

0 
X is defined in equations 8, 9 and 10 

A is a constant defined by the intercept 

B is the slope of the curve 

C is the curvature 
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12.3,5,4. Calculation of jc for Water and water-miscible waste: 

Equat ion 8 

x = 
{A.){Is){Df) 

iAuXVo) 

Where: 

Ax = Area of characteristic ion for the compound being measured (secondary 
ion quantitation is allowed only when there are sample interferences with the 
primary ion) 

Ai, = Area of the characteristic ion for the intemal standard 

I5 = Amount of intemal standard added in ng 

Total volume purged (mL) 
Dilution Factor = Dr = 

Volume of original sample used (mL) 

Vo = Volume of water purged, mL 

12.3.5.5. Calculation of j : for Medium level soils: 

Equation 9 

^_(A0(L)(V.)(1000)(Df) 

(Ai.)(V.)(Ws)(D) 

m 

Where: 

A„ Is, Df, Ajs, same as for water, 

Vt = Volume of total extract, mL (Typically 25 mL) 

Va = Volume of extract added for purging, ^iL 

W, = Weight of sample extracted, g 

100-%moisture 
D = 

100 

% 
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12.3.5.6. Calculation of jc for Low level soils: 

Equat ion 10 

/ 

# 

(A«)(WO(D) 

Where: 

Ax, 1$, Ajs, same as for water. 

D is as for medium level soils 

Ws = Weight of sample added to the purge vessel, g 

12.3.5.7. Calculation of TICs: The calculation of TICs (tentatively identified compounds) 
is identical to the above calculations with the following exceptions: 

Ax = Area in the total ion chromatogram for the compound being measured 

Aj, = Area of the total ion chromatogram for the nearest intemal standard 
wdthout interference 

RF = 1 

In other words, the concentration is equal to J: as defined in equations 8, 9 and 
10. 

12,3,6, MS/MSD Recovery 

Equat ion 11 

SSR — SR 
Matrix Spike Recovery, % = x 1 0 0 

SSR = Spike sample result 

SR = Sample result 

SA = Spike added 
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12.3,7, Relative % Difference calculation for the MS/MSD 
Equation 12 

RPD = 
MSR - MSDR 

1/(MSR + MSDR) 
XlOO 

^2' 

Where: 

RPD = Relative percent difference 

MSR = Matrix spike result 

MSDR = Matrix spike duplicate result 

• 

% 
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13. METHOD PERFORMANCE 

13.1, Method Detection Limit 

13.2, Generally, each laboratory must generate a valid method detection limit for each analyte 
of interest. The MDL must be below the reporting limit for each analyte. The procedxore 
for determination of the method detection limit is given in 40 CFR Part 136, Appendix B, 
and further defined in QA Policy #: QA-005, When non-standard compounds are 
analyzed at client request, lesser requirements are possible with client agreement. At a 
minimum, a standard at the reporting limit must be analyzed to demonstrate the capability 
of the method. 

13.3. Initial Demonstration 

13.4. Each laboratory must make a one time initial demonstration of capability for each 
individual method. Demonstration of capability for both soil and water matrices is 
required. This requires analysis of QC check samples containing all of the standard 
analytes for the method. For some tests it may be necessary to use more than one QC 
check mix to cover all analytes of interest. The QC check sample is made up at 20 pg/L. 
(Some compounds will be at higher levels, refer to the calibration standard levels for 
guidance.) 

13.4.1, Four aliquots of the QC check sample are analyzed using the same procedures used to 
analyze samples, including sample preparation. 

13.4.2, Calculate the average recovery and standard deviation of the recovery for each analyte 
of interest. The %RSD should be < 15% for each analyte, and the % recovery should 
be within 80-120%. 

13.4.3, If any analyte does not meet the acceptance criteria, check the acceptance limits in the 
reference methods (Table 6 of method 8240B, paragraph 8,3.5 of method 8260A). If 
the recovery or precision is outside the limits in the reference methods, the test must 
be repeated. Only those analytes that did not meet criteria in the first test need to be 
evaluated. Repeated failure for any analyte indicates the need for the laboratory to 
evaluate the analytical procedure and take corrective action. 

13.4.4, Training Qualification 

13.4.4.1. The group/team leader has the responsibility to ensure that this procedure is 
performed by an analyst who has been properly trained in its use and has the 
required experience. 
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14. POLLUTION PREVENTION 

14,1. This method does not contain any specific modifications that serve to minimize or prevent 
pollution. 

15. WASTE MANAGEMENT 

15.1. Waste generated in the procedure must be segregated and disposed according to the facility 
hazardous waste procedures. The Health and Safety Director should be contacted if 
additional information is required. 

16. REFERENCES 

16,1, S W846, Test Methods for Evaluating Solid Waste, Third Edition, Gas Chroma
tography/Mass Spectrometry for Volatile Organics, Method 8260B, Update III, December 
1996 

16,2, SW846, Test Methods for Evaluating Solid Waste, Third Edition, Gas Chroma
tography/Mass Spectrometry for Volatile Organics, Method 8260A, Update U, September 
1994. 

17. MISCELLANEOUS 
% 

17,1. Modifications from the reference method 

17.1.1. Ion 119 is used as the quantitation ion for chlorobenzene-d5 for 25 mL purge tests. 

17.1.2. A retention time window of 0,2 minutes is used for all components, since some data 
systems do not have the capability of using the relative retention time units specified 
in the reference method, 

17.1.3. The quantitation and qualifier ions for some compounds have been changed from 
those recommended in SW-846 in order to improve the reliability of qualitative 
identification. 

17.1.4. Method 8260A recommends that the purge vessel is run through an additional purge 
cycle after 25 mL sample analysis to remove carryover. Instead, purge vessels are 
oven baked between analyses or disposable vessels are used one time only. 

17.1.5. SW-846 recommends that a curve be used for any analytes with %RSD of the 
response factors > 15%. However, some industry standard data systems and forms 
generation software cannot report this data with the necessary information for data 
validation. In addition most software available does not allow weighting of the curve. • 
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Unweighted curves may exhibit serious errors in quantitation at the low end, resulting 
in possible false positives or false negatives. Therefore, this SOP allows used of 
average response factors if the average %RSD for all compounds is < 15%. 

17.2. Modifications from previous revision 
This SOP has been substantially revised to reflect the changes included in Update III to 
SW-846. Directions for method 524.2 and method 624 have also been added. 

17.3. Facility specific SOPs 

Each facility shall attach a list of facility-specific SOPs or approved attachments (if 
applicable) which are required to implement this SOP or which are used in conjunction 
with this SOP, If no facility specific SOPs or amendments are to be attached, a statement 
must be attached specifying that there are none. 

17.4. Flow diagrams 

17.4,1. Initial Demonstration and MDL 

17.5. The following are protocols that must be followed when analyzing OhioVAP samples: 

• Sections 9,5 and 9.6: n-Hexane must be spiked and reported for both the LCS and 
MS/MSD, 

• Sections 10.4,6: All analytes must have a %RSDs < 15%. Corrective action must be 
completed for any compounds failing the <15% requirement. 

• Section 11.1 and 17,1,5 (Method deviations) are not to be performed. 

• Section 11.9,2: For OhioVAP projects, the laboratory will reanalyze any sample where 
the intemal standard fails and there is no evidence of matrix interference. 

17.6, The following are protocols that must be followed when analyzing BP Oil - Lima Refinery 
RFI work plan. 

• Section 8.1 STL will continue to follow the 14 day holding time specified in the 
Corporate SOP. 

• Delete for this project Section 8,3 At specific client request, unpreserved soil samples 
may be accepted. 

• Delete for this project Section 8.8.1 At specific client request unpreserved soils packed 
into glass jars or brass tubes may be accepted and subsampled in the lab. This is the old 
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procedure based on method 5030A. It is no longer included and is likely to generate 
results that are biased low, possibly by more than an order of magnitude. 

• Modify Section 8.5.8 For the purpose of this project, the soil/methanol mixture may be 
stored for two days prior to analysis. 

• Modify Section 8.6.12 For the purpose of this project, the soil/methanol mixture may be 
stored for two days prior to analysis. 

• Modify (per discussion with Region V representative) to Section 10.4,6.2 Compounds 
with %RSD >15% are to be calibrated using an altemate calibration technique (e,g, linear 
or quadratic calibration curve). For poor responders, the altemate calibration technique 
requirements may not be met either. This sentence is added for those cases.If the 
correlation coefficient is < 0,990, then any hit for these compounds must be flagged as 
estimated, 

• Modify Section 10,4,2 It is necessary to analyze the Appendix IX standard separately 
from the primary standard due to the presence of xylene solvent in the Appendix DC 
standard, Altematively, STL will purchase the Appendix DC standard in a solvent other 
than xylene, 

• Modify Section 10,4.9 For this project, this section will be modified to comply with the 
requirement of adding methanol to the calibration standards so that those standards 
contain the same amount of methanol as the diluted soil extracts, 

• Modify Table 6 

• For the project specific SOP, acetonitrile will be removed from table 6, page 49 and 
appended onto table 5, page 48, Acetonitrile will be calibrated as part of the STL primary 
standard, using a separate acetonitrile standard. This will ensure that the calibration curve 
for acetonitrile will be done free from any interference from allyl chloride, 

17,7, The following are protocols that must be followed when analyzing South Carolina Projects 
only. 

• Delete from Section 10,4,7 In a linear or quadratic calibration fit, the points at the lower 
end of the calibration curve have less weight in determining the curve generated than 
points at the high concentration end of the curve, 

• Delete from Section 12,3,5 Concentrations in the sample may be determined from linear or 
second order (quadratic) curve fitted to the initial calibration points, or from the average 
response factor of the initial calibration points. 

• Delete from Section 12,3.5.1 

% 

« 

% 
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• Calculation of concentration using Quadratic fit 

Equation 13 

Concentration ; j g / L . = A + B x + Cx^ 

X is defined in equations 8, 9 and 10 

A is a constant defined by the intercept 

B is the slope of the curve 

C is the curvature 

• Change Section 9,3 The compounds included in the surrogate spiking solutions 
are listed in Tables 8 and 9. 

17,8. The following are protocols that must be followed to achieve the lower reporting limits 
required when analyzing Michigan projects. 

17.8.1, Modify Section 8,5,4 and 8,6.8 (add 5 uL of 2500 ug/mL surrogate solution for a 
nominal 25 g sample), 

17.8.2, Modify Section 8.5.5 and 8.6,9 (add 100 uL of 50 ug/mL spike solution for a nominal 
25 g sample), 

17.8.3, Modify Section 8.5.6 and 8.6.10 (add 100 uL of 50 ug/mL spike solution for a 
nominal 25g sample). 

17.8.4, Michigan reporting limits for methanol preserved soils are achieved by injecting 100 
uL of the methanol extract in a 5 mL pvu^ge. The instrument is calibrated using the 
recommended calibration levels in water of 1 ug/L, 2 ug/L (if a quadratic calibration 
is to be used), 5 ug/L, 10 ug/L, 20 ug/L and 40 ug/L, Some analytes are prepared at 
higher concentrations. 

17.8.5, Samples for Michigan projects frequently require calibration for 2-
Methylnaphthalene. Recommended calibration levels for this compounds are 2 ug/L, 
10 ug/L, 20 ug/L, 40 ug/L and 80 ug/L, 
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Start Initial 
Demonstration 

Establish 
calibration curve 

Prepare 7 
replicates at 

reporting 
limit 

Prepare 4 
replicates at 

curve 
midpoint 

Analyze 4 replicates 
and compare to initial 

demonstration 
acceptance criteria 

Analyze 7 replicates 
and calculate MDL 

Optimize 
method 

Optimize 
method 

No 

No 

% 

Yes 

Start sample 
analysis 

• 
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Table 1 

^ 

M w 

M 
W\ 

STL Primary Standard and Reporting Limits 

Compound 

Dichlorodifluoromethane 

Chloromethane 

Bromomethane 

Vinyl chloride 

Chloroethane 

Trichlorofluoromethane 

Acrolein 

Acetone 
^Trichlorotrifluoroethane 

lodomethane 

Carbon disulfide 

Methylene chloride 

tert-Butyl alcohol 

1,1-Dichloroethene 

1,1-Dichloroethane 

trans-1,2-DichIoroethene 

Acrylonitrile 

Methyl iert-huty] ether (MTBE) 

Hexane 

cis-1,2-Dichloroethene 

1,2-DichIoroethene (Total) 

Tetrahydrofuran 

Chloroform 

1,2-Dichloroethane 

Dibromomethane 

2-Butanone 

1,4-Dioxane 

1,1,1-Trichloroethane 

Carbon tetrachloride 

Bromodichloromethane 

1,2-Dichloropropane 

cis-13-Dichloropropene 

CAS 
Number 

75-71-8 

74-87-3 

74-83-9 

75-01-4 

75-00-3 
75-69^ 

107-02-8 

67-64-1 

76-13-1 

74-88-4 

75-15-0 

75-09-2 

75-65-0 

75-35^ 

75-34-3 

156-60-5 

107-13-1 

1634-04-4 

110-54-3 

156-59-2 

540-59-0 

109-99-9 

67-66-3 

107-06-2 

74-95-3 

78-93-3 

123-91-1 

71-55-6 

56-23-5 

75-27-4 

78-87-5 

10061-01-5 

Reporting Limits' 

5 mL Water 
pg/L 

10 

10 

10 

10 

10 

10 

100 

20 

5 

5 

5 

5 

200 

5 

5 

5.0 

100 

20 

5 

5.0 

5 

20 

5 

5 

5 

20 

500 

5 

5 

5 

5 

5 

25 mL' 
water pg/L 

2 

2 

2 

2 

2 

2 

20 

10 

1 

1 

1 

1 
50 

1 

1 

1.0 

20 

5 

1 

1.0 

1 

5 

1 

1 

1 

5 

200 

1 

1 

1 

1 

I 

Low soil 
Mg/kg 

10 

10 

10 

10 

10 

10 

100 

20 

5 

5 

5 

5 

200 

5 

5 

5.0 

100 

20 

5 

5.0 

5 

20 

5 

5 

5 

20 

500 

5 

5 

5 

5 

5 

82608/ 
5035 
Soil 

ug/kg 

250 

250 

250 

250 

250 

250 

5000 

1000 

250 

250 

250 

250 
10,000 

250 

250 

250 

5000 

1000 

250 

250 

250 

1000 

250 

250 

250 

1000 

25000 

250 

250 

250 

250 

250 

8260A 
5030A 

Med Level 
Soil 
Mg/kg 

1 1200 
1200 

1200 

1200 

1200 

1200 

12000 

2500 

620 

620 

620 

620 

25000 

620 

620 

310 

12000 

2500 

620 

310 

620 

2500 

620 1 
620 1 
620 

2500 

62000 

620 

620 

620 

620 

620 
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Table 1 

STL Primary Standard and Reporting Limits 

Compound 

|| Trichloroethene 

1 Dibromochloromethane 

1 1,2-Dibromoethane 

1 1,23-TrichIoropropane 

1,1,2-Trichloroethane 

Benzene 
Ethyhnethacrylate 

1 trans-1,3-Dichloropropene 

1 Bromofomi 
1 4-Methyl-2-pentanone 

1 2-Hexanone 

1 Tetrachloroethene 

Toluene 
1,1,2,2-Tetrachloroethane 

2-Chloroethyl vinyl ether 

1 Vinyl acetate 

1 Chlorobenzene 
1 Ethylbenzene 

1 Styrene 
t-1,4-Dich!oro-2-butene 

m and p Xylenes 

o-xylene 

Total xylenes 

1,3-Dichlorobenzene 

j 1,4-Dichlorobenzene 

j l,2-Dichloroben2ene 

2,2-Dichloropropane 

Bromochloromethane 

1,1-Dichloropropene 

1 Bromodichloromethane 

I 1,2-Dichloropropane 

j 1,3-Dichloropropane 

CAS 
Number 

79-01-6 

124-48-1 

106-93^ 

96-18-4 

79-00-5 

71-43-2 

97-63-2 

10061-02-6 

75-25-2 

108-10-1 

591-78-6 

127-18-4 

108-88-3 

79-34-5 

110-75-8 

108-05-4 

108-90-7 

100-41-4 

100-42-5 

110-57-6 

95-47-6 

1330-20-7 

541-73-1 

106-46-7 

95-50-1 

590-20-7 

74-97-5 

563-58-6 

75-27-4 

78-87-5 

142-28-9 

Reporting Limits' 

' 5 mL Water 
! Mg/L 

5 

5 

5 

5 

5 

5 

5 

5 

5 

20 

20 

5 

5 

5 

N/A^ 

10 

5 

5 

5 

5 

5.0 

5.0 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

25 mL' 
water pg/L 

1 

L t 
! 1 

1 

1 

1 

1 
I 

1 

5 

5 

I 
1 

1 

N/A 

2 

1 

1 

1 

1 

0.5 

0.5 

1 

1 

1 

1 

1 

I 

1 

1 

1 

1 

1 Low soil 
Mg/kg 

5 

5 

5 

5 

5 

1 5 
5 

5 

5 

20 

20 

5 

5 

5 
50 

10 

5 

5 

5 

5 

2.5 

2.5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

82608/ 
! 5035 

Soil 
ug/kg 

250 

, 250 

250 

250 

250 

250 

250 

250 

250 

1000 

t 1000 

250 

250 

250 

1000 

500 

250 

250 

250 

250 

125 

125 

250 

250 

250 

250 

250 1 
250 1 

250 1 

8260A 
5030A 

1 Med Level 
Soil 
MS/kg 

1 620 

620 

620 

620 

620 

620 

620 

620 

620 

2500 

2500 

620 

620 

620 

6200 

1200 

620 

620 

620 

620 

310 

310 

620 

620 

620 

620 

250 j 1 

250 1 I 
250 i 1 

% 
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Table 1 

STL Primary Standard and Reporting Limits 

J w 

Compound 

Isopropylbenzene 

Bromobenzene 

n-Propylbenzene 

2-Chlorotoluene 

4-Chlorotoluene 

13,5-Trimethylbenzene 

tert-Butylbenzene 

1,2,4-Trimethy Ibenzene 

|sec-butylbenzene 

r4-Isopropyltoluene 
1 

n-Butylbenzene 
1,2,4-Trichlorobenzene 

Napthalene 

Hexachlorobutadiene 

1,2,3-Trichlorobenzene 

Acetonitrile 
. • — — • = • • = • 

CAS 
Number 

98-82-8 

108-86-1 

103-65-1 

95-49-8 

106-43-4 

108-67-8 

98-06-6 

95-63-6 

135-98-8 

99-87-6 

104-51-8 

120-82-1 

91-20-3 

87-68-3 

87-61-6 

75-05^8 

Reporting Limits' 

5 mL Water 
Mg/L 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

100 

25 mL' 
water jig/L 

1 

20 
• =• • : • . . = y - r ; 

Low soil 
Mg/kg 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

100 

82608/ 
5035 
Soil 

ug/kg 

250 

250 

250 

250 

8260A 
5030A 

Med Level 
Soil 
MR/kg 

250 1 

250 

250 

250 

250 

250 

250 

250 

250 

250 

250 

5000 

' Reporting limits listed for soil/sediment are based on wet weight. The reporting limits calculated by the laboratory for soil/sediment 
calculated on dry weight basis, will be higher. 

^ 2-Chloroethyl vinyl ether cannot be reliably recovered from acid preserved samples 

' Optionally, 5 mL purge volume if adequate sensitivity is obtained. 

# 
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Table 2 

STL Primary Standard Calibration Levels, 5 mL purge' 

1 Compound 

l,2-Dichloroethane-d4 (Surrogate) 

Toluene-d8 (Surrogate) 

4-Bromonuorobenzene (Surrogate) 

Dichlorodifluoromethane 

Chloromethane 

Bromomethane 

Vinyl chloride 

Chloroethane 
1 Trichlorofluoromethane 

Acrolein 

Acetone 
Trichlorotrifluoroethane 

lodomethane 

Carbon disulfide 

Methylene chloride 

1 tert-Butyl alcohol 
1 1,1-Dichloroethene 

1 1,1-Dichloroethane 

1 trans-1,2-Dichloroethene 

I Acrylonitrile 

Methyl tert-buty] ether (MTBE) 

Hexane 

1 cis-l,2-Dichloroethene 

1 Tetrahydrofuran 

1 Chloroform 

1,2-Dichloroethane 

Dibromomethane 

2-Butanone 

1,4-Dioxane 

1 1,1,1-Trichloroethane 

Carbon tetrachloride 

1 Bromodichloromethane 

1,2-Dich!oropropane 

cis-1,3-Dichloropropene 

Trichloroethene 

Dibromochloromethane 

Calibration Level ug/L j 

Level 1 

5 

5 

5 

5 

5 

5 

5 

5 

5 

50 

5 

5 

5 

5 

5 

100 

5 

5 

5 

50 

5 

5 

5 

5 

5 

5 

5 

5 

250 

5 

5 

5 

5 

5 

5 

5 

Level 2 

20 

20 

20 

20 

20 

20 

20 

20 

20 

200 

20 

20 

20 

20 

20 

400 

20 

20 

20 

200 

20 

20 

20 

20 

20 

20 

20 

20 

1000 

20 

20 

20 

20 

20 

20 

20 

Level 3 

50 

50 

50 

50 

50 

50 

50 

50 

50 

500 

50 

50 

50 

50 

50 

1,000 

50 

50 

50 

500 

50 

50 

50 

50 

50 

50 

50 

50 

2,500 

50 

50 

50 

50 

50 

50 

50 

Level 4 

100 

100 

100 

100 

100 

100 

100 

100 

100 

1000 

100 

100 

100 

100 

100 

2,000 

100 

100 

100 

1,000 

100 

100 

100 

100 

100 

100 

100 

100 

5,000 

100 

100 

100 

100 

100 

100 

100 

Level 5 

200 

200 

200 1 
200 1 
200 

200 

200 

200 

200 

2000 

200 

200 

200 

200 

200 

4,000 

200 

200 

200 

2,000 

200 

200 

200 

200 

200 

200 

200 

200 

10,000 1 
200 

200 

200 

200 

200 

200 

200 % 
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Table 2 

STL Primary Standard Calibration Levels, 5 mL purge' 

1 Compound 

1 1,2-Dibromoethane 

1 1,2,3-Trichloropropane 

1 Acetonitrile 
j 1,1,2-TrichIoroethane 

iBenzene 
] Ethyhnethacrylate 

1 trans-l,3-Dichloropropene 

j Bromoform 
j 4-Methyl-2-pentanone 

1 2-Hexanone 

1 Tetrachloroethene 

1 Toluene 
j 1,1,2,2-Tetrach loroethane 

] 2-Chloroethyl vinyl ether 

1 Vinyl acetate 
1 Chlorobenzene 

1 Ethylbenzene 

1 Styrene 
1 t-l,4-DichIoro-2-butene 

1 m and p Xylenes 

1 o-xylene 
1 1,3-Dichlorobenzene 

1 1,4-Dichlorobenzene 

1 1,2-Dichlorobenzene 

1 2,2-Dichloropropane 

1 Bromochloromethane 

1 1,1-Dichloropropene 

iBromodichloromethane 

fl.2-Dichloropropane 

1 1,3-Dichloropropane | 

1 Isopropylbenzene | 

FBromobenzene | 

1 n-Propylbenzene 

Hz-Chlorotoluene 

4-Chlorotoluene 

1 1,3,5-Trimethy Ibenzene 

1 Calibration Level ug/L j 

1 Level 1 

5 

5 

50 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

10 

5 

5 

5 

5 

5 

10 

5 

5 

5 

5 

5 

5 ! 

5 1 
5 1 
5 

5 

5. 1 
5 1 
5 

5 

5 

5 1 

1 Level 2 

1 20 
20 

200 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

40 

20 

20 

20 

20 

20 

40 

20 

20 

20 

20 

20 

20 

20 

20 

20 j 

20 i 

20 

20 1 

20 

20 

20 

20 

1 Level 3 

50 

50 

500 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

100 

50 

50 

50 

50 

50 

100 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 1 

50 

50 

50 

50 

1 Level 4 

100 

100 

1000 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

200 

100 

100 

100 

100 

100 

200 

100 

100 

100 

100 

100 

100 1 

100 1 

100 1 

100 1 

100 1 

100 1 

100 

100 

100 

100 

100 1 

1 Level 5 

1 200 

200 

2000 

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

400 

200 

200 

200 

200 

200 

400 

200 

200 

200 

200 

200 

200 

200 

200 1 

200 

200 

200 

200 j 

200 1 
200 1 

200 1 

200 I 
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Table 2 

STL Primary Standard Calibration Levels, 5 mL purge' 

Compound 

1 tert-Butylbenzene 

1,2,4-Trimethy)benzene 

sec-butylbenzene 

4-Isopropyltoluene 

n-Butylbenzene 

1,2,4-Trichlorobenzene 

Napthalene 

Hexachlorobutadiene 

1 1,2,3-Trichlorobenzene 

1 

Level 1 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Calibration Level ug/L 

Level 2 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Level 3 

50 

50 

50 

50 

50 

50 

50 

50 

50 

Level 4 

100 

100 

100 

100 

100 

100 

100 

r 100^ 

100 

Level 5 

200 

200 

200 

200 

200 

200 

200 

200 

200 

' Levels for 25 mL purge are 5 times lower in all cases 

m 

% 
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Table 2A 

^ 

# 

STL Primary Standard Calibration Levels, Low Level 

1 Compound 

II Dibromofluoromethane (Sun-ogate) 

1,2-Dichloroethane-d4 (Surrogate) 

Toluene-d8 (Surrogate) 

Bromofluorobenzene (Surrogate) 

Dichlorodifluoromethane 

Chloromethane 

Vinyl Chloride 

Bromomethane 

Chloroethane 
Trichlorofluoromethane 

Acrolein 

Acetone 
1,1-Dichloroethene 
Trichlorotrifluoroethane 

lodomethane 

Carbon Disulfide 

Methylene Chloride 

Acetonitrile 

Acrylonitrile 

Methyl tert-butyl ether 

trans-1,2-Dichloroethene 

Hexane 

Vinyl acetate 

1,1-Dichloroethane 

tert-Butyl Alcohol 

2-Butanone 

cis-1,2-dichloroethene 

2,2-Dichloropropane 

Bromochloromethane 

Chlorofonn 

Tetrahydrofuran 

1,1,1-Trichloroethane 

1,1-Dichloropropene 

Carbon Tetrachloride 

1,2-Dichloroethane 

1 Benzene 

j Trichloroethene 

j 1,2-Dichioropropane 

Calibration Level ug/L j 

Level 1 

10 

10 

10 

20 

Level 2 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

50 

10 

5 

5 

5 

5 

5 

50 

50 

5 

5 

5 

5 

5 
100 

10 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

Levels 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

100 

20 

10 

10 

10 

10 

10 

100 

100 

10 

10 

10 

10 

10 

200 

20 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Level 4 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

200 

40 

20 

20 

20 

20 

20 

200 

200 

20 

20 

20 

20 

20 

400 

40 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Level 5 1 

40 

40 

40 1 
40 

40 

40 i 

40 

40 

40 

40 

400 

80 

40 

40 

40 

40 

40 

400 

400 

40 

40 

40 

40 

40 

800 

80 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 
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Table 2 A 

STL Primary Standard Calibration Levels, Low Level' 

1 
Compound 
1,4-Dioxane 

Dibromomethane 

Bromod ichloromethane 

2-ChIoroethyl vinyl ether 

cis-1,3-Dichloropropene 

4-Methyl-2-pentanone 

Toluene 
n-ans-1,3-Dichloropropene 

Ethyl Methacrylate 

1,1,2-Trichloroethane 

1,3-Dichloropropane 

Tetrachloroethene 

2-Hexanone 
Dibromochloromethane 

1,2-Dibromoethane 

Chlorobenzene 

1,1,1,2-Tetrach loroethane 

Ethylbenzene 

m + p-Xylene 

Xylene-o 

Styrene 

Bromoform 

Isopropylbenzene 
1,1,2,2-Tetrachloroethane 

1,4-DichIoro-2-butene 

1,2,3-Trichloropropane 

Bromobenzene 

n-Propylbenzene 

2-Chlorotoluene 

1,3,5-TrimethyIbenzene 

4-ChIorotoIuene 

tert-Butylbenzene 

1,2,4-Trimethylbenzene 

sec-Butylbenzene 

4-IsopropyltoIuene 

1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

n-Butylbenzene 

\ 

Calibration Level ug/L | 

Level 1 

50 

2 

Level 2 

250 

5 

5 

10 

5 

10 

5 

5 

5 

5 

5 

5 

10 

5 

5 

5 

5 

5 

10 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

1 5 1 

Levels 

500 

10 

10 

20 

10 

20 

10 

10 

10 

10 

10 

10 

20 

10 

10 

10 

10 

10 

20 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

Level 4 

1000 

20 

20 

40 

20 

40 

20 

20 

20 

20 

20 

20 

40 

20 

20 

20 

20 

20 

40 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

Level 5 

2000 

40 

40 

80 

40 

80 

40 

40 

40 

40 

40 

40 

80 

40 

40 1 
40 1 
40 1 
40 1 
80 1 
40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

40 

m 
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Table 2A 

STL Primary Standard Calibration Levels, Low Level' 

Compound 

1,2-Dichlorobenzene 

1 l,2-Dibromo-3-chloropropane 

1,2,4-Trichlorobenzene 

Hexachlorobutadiene 

Naphthalene 

1,2,3-Trichlorobenzene 

Cyclohexane 

Methyl Acetate 

Methylcyclohexane 

1,3,5-Trichlorobenzene 

1 ' ( 
Calibration Level ug/L | 
Level 1 

1 

2 

] 

Level 2 

5 

5 

5 

5 

5 

5 

5 

10 

5 

5 

Levels 

10 

10 

10 

10 

10 

10 

10 

20 

10 

10 

Level 4 

20 

20 

20 

20 

20 

20 

20 

40 

20 

20 

Levels 

40 

40 

40 

40 

40 

40 

40 

80 

40 

40 

' 25 mL purge samples analyzed at 5 mL purge on more sensitive equipment 
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Table 3 

STL Appendix IX Standard and Reporting Limits, 5 mL purge 

1 
Compound 

Allyl Chloride 

Acetonitrile 

Dichlorofluoromethane 

Isopropyl ether 

Chloroprene 

n-Butanol 

Propionitrile 

Methacrylonitrile 

1 Isobutanol 

1 Methyl methacrylate 

1 1,1,1,2-Tetrachloroethane 

1 1,2-Dibromo-3-chloropropane 

1 Ethyl ether 

II Ethyl Acetate 
r2-Nitropropane 

1 Cyclohexanone 

1 Isopropylbenzene 

1 2-Methylnaphthalene (Michigan 
1 only) 

CAS 

Number 

107-05-1 

75-05-8 

108-20-3 

126-99-8 

71-36-3 

107-12-0 

126-98-7 
78-83-1 

80-62-6 

630-20-6 

96-12-8 

60-29-7 

141-78-6 

79-46-9 
108-94-1 

98-82-8 

91-57-6 

5 mL Water 
Mg/L 

10 

100 

10 

10 

5 

200 

20 

5 

200 

5 

5 

10 

10 

20 

10 

N/A' 

5 

NA 

Reporting Limits 

25mL^ 
water pg/L 

2 

20 

2 

2 

2 

50 

4 

2 

50 

2 

1 
2 

2 

4 

4 

N/A' 

1 

5 

Low Soil 
Mg/kg 

10 

100 

10 

10 

5 

200 

20 

5 

200 

5 

5 

10 

10 

20 

10 

N/A' 

5 

NA 

Medium Soil 
Mg/mL 

500 

5000 

500 

500 

250 

10,000 

1000 

250 

10,000 

250 

250 

500 

500 

1,000 

500 

N/A' 

250 

330 

m 

' Cyclohexanone decomposes to 1,1 -dimethoxycyclohexane in methanolic solution. Reporting limits cannot be accurately determined, 

^ Optionally, 5 mL purge volume if adequate sensitivity is obtained. 

• 
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Table 4 

0 

Recommended/STL Appendix IX Standard Calibration Levels, Mg/L 
1 — • — 

Compound 

1 Allyl Chloride 

Acetonitrile 

Dichlorofluoromethane 

Isopropyl ether 

Chloroprene 

n-Butanol 
Propionitrile 

Methacrylonitrile 

Isobutanol 

Methyl methacrylate 

1,1,1,2-Tetrach loroethane 

1 1,2-D ibromo-3 -chloropropane 

Ethyl ether 

Ethyl Acetate 

2-NJtropropane 

Cyclohexanone 

2-Methylnaphthalene (Michigan 
only) 

1 Levell 

5 

50 

5 

5 

5 

100 

10 

5 

100 

5 

5 

10 

5 

10 

10 

50 

2 

Level 2 

t 20 

200 

20 

20 

20 

400 

40 

20 

400 

20 

20 

40 

20 

40 

40 

200 
10 

Levels 

50 

500 

50 

50 

50 

1,000 

100 

50 

1,000 

50 

50 

100 

50 

100 

100 

500 

20 

1 Uvel4 

100 

1,000 

100 

100 

100 

2,000 

200 

100 

2,000 

100 

100 

200 

100 

200 

200 

1,000 

40 

1 Level 5 

200 

2,000 

200 

200 

200 

4,000 

400 

200 

4,000 

200 

200 

400 

200 

400 

400 

2,000 

80 
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Table 5 

Reportable Analytes for STL Standard Tests, Primary Standard 

Compound 
1 

Dichlorodifluoromethane 

Chloromethane 

Bromomethane 

1 Vinyl chloride 

1 Chloroethane 
1 Trichlorofluoromethane 

1 Acrolein 

Acetone 
Trichlorotrifluoroethane 

Ethano! 

1 lodomethane 
Carbon disulfide 

1 Methylene chloride 

1 tert-Butly alcohol 

1 1,1-Dichloroethene 

1 1,1-Dichloroethane 
1 trans-1,2-Dichloroethene 

Total dichloroethene 

Acrylonitrile 
1 Methyl/ert-butyl ether 

flvlTBE) 

Hexane 
cis-1,2-Dichloroethene 

Tetrahydrofuran 

Chloroform 
1,2-Dichloroethane 

Dibromomethane 

2-Butanone 

1,4-Dioxane 
1 1,1,1-Trichloroethane 

1 Carbon tetrachloride 

1 Bromodichloromethane 

1 1,2-DichIoropropane 

1 cis-I,3-Dichloropropene 

CAS 
Number 

75-71-8 

; 74-87-3 

74-83-9 

75-01-4 

75-00-S 
75-^9-4 

107-02-8 
67-64-1 

76-13-1 

64-17-5 
74-88-4 

75-15-0 

75-09-2 

75-65-0 

75-35-4 

75-34-3 

156-60-5 

107-13-1 

1634-04-4 

110-54-S 

156-59-2 

109-99-9 

67-66-3 

107-06-2 

74-95-3 

78-93-3 

123-91-1 

71-55-6 

56-23-5 

75-27-4 

78-87-5 

10061-01- [ 

STL 
Standard 

List 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

TCLP 

X 

X 

X 

X 

X 

X 

TCL 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Appendix 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

UTS 
1 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 1 

X 

X 

X 

X 

X 

X 
X 1 
X 

m 
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Tables 

Reportable Analytes for STL Standard Tests, Primary Standard 

Compound 

Trichloroethene 

Dibromochloromethane 

1,2-Dibromoethane 

1,2,3-Trichloropropane 

1,1,2-Trichloroethane 

1 Benzene 

1 Ethylmethacrylate 

trans-1,3-Dichloropropene 

1 Bromoform 
1 4-Methyl-2-pentanone 

2-Hexanone 

Tetrachloroethene 

Toluene 
1,1,2,2-Tetrachloroethane 

1 2-Chloroethyl vinyl ether 

Vinyl acetate 

Chlorobenzene 

1 Ethylbenzene 

Styrene 
1 t-l,4-Dich!oro-2-butene 

1 m and p Xylenes 

1 o-xylene 

1 Total xylenes 
1,3-Dichlorobenzene 

1,4-Dichlorobenzene 

1,2-Dichlorobenzene 

CAS 
Number 

5 

79-01-6 

124-48-1 

106-93-4 

96-18-4 

79-00-5 

71-43-2 

97-63-2 

10061-02-
6 

75-25-2 

108-10-1 

591-78-6 
127-18-4 

108-88-3 

79-34-5 

110-75-8 
108-05-4 

108-90-7 

100-41-4 

100-42-5 

110-57-6 

95-47-6 

1330-20-7 

541-73-1 

106-46-7 

95-50-1 

STL 
Standard 

List 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

—= = -= 

TCLP 

X 

X 

X 

X 

TCL 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Appendix 
IX 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

UTS 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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Table 6 

Reportable 

Compound 

Allyl Chloride 

Acetonitrile 
Dichlorofluoromethane 

Isopropyl ether 

Chloroprene 

n-Butanol 

Propionitrile 
Methacrylonitrile 

Isobutanol 

Methyl methacrylate 

1,1,1,2-Tetrachloroethane 
1,2-D ibromo-3-chloropropane 

1 Ethyl ether 

[j Ethyl Acetate 

1 2-Nitropropane 

1 Cyclohexanone 

Analytes for STL Standard Tests, Appendix IX standard 

Number 

107-05-1 

75-05-8 

75-43-4 

108-20-3 

126-99-8 

71-36-S 

107-12-0 

126-98-7 

78-83-1 

80-62-6 

630-20-6 

96-12-8 

60-29-7 

141-78-6 

79-46-9 
108-94-1 

STL 
Standard 

List 

TCLP 

H H 

TCL 

• • • 

Appendix 
IX 

X 
X 

X 

X 
X 
X 
X 
X 
X 

• • ^ 

UTS 

X 

X 
X 
X 
X 
X 
X 
X 

X 

• 

% 
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0 

Table 7 

Internal Standards 

1 Fluorobenzene 

Chlorobenzene-d5 

1,4-Dichlorobenzene-d4 

Standard Concentration 

Mg/mL 

50 

50 

50 

Quantitation ion 

(5 mL purge) 

96 

117 

152 

Quantitation ion 

(25 mL purge) 

96 

119 

152 

Notes: 

1) 5 ML of the intemal standard is added to the sample. This results in a concentration of each intemal in the sample of 
50Mg/L for a 5 mL purge or 10 Mg/L for a 25 mL purge. 

2) Except for medium level soils, the surrogate and intemal standards may be combined in one solution. 

Table 8 

Surrogate Standards 

Surrogate Compounds 

1,2-Dichloroethane-d4 

Dibromofluoromethane 

Toluene-dg 

4-Bromofluorobenzene 

Standard Concentration 
Mg/mL 

50 

50 

50 

50 

Notes: 

1) 5 ML of the surtogate standard is added to the sample. This results in a concentration of each surrogate in the sample of 
50Mg/L for a 5 mL purge or 10 Mg/L for a 25 mL purge. 

2) Except for medium level soils, the surrogate and intemal standards may be combined in one solution, 

3) Recovery limits for surrogates are generated from historical data and are maintained by the QA department. 
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% 
Table 9 

Matrix Spike / LCS Control Compounds 

1 Compound 

1,1-Dichloroethene 

Trichloroethene 

Toluene 

Benzene 

Chlorobenzene 

n-Hexane (Ohio VAP only) 

Standard Concentration Mg /mL 

50 

50 

50 

50 

50 

50 

Notes: 

1) 5 ML of the standard is added to the LCS or matrix spiked sample. This results in a concentration of each spike analyte in 
the sample ofSO îg/L for a 5 mL purge or 10 Mg/L for a 25 mL purge. 

2) Recovery and precision limits for LCS and MS/MSD are generated from historical data and are maintained by the QA 
dedartment 

3) Full analyte spikes may also be used at the laboratories option or at client request 
% 

Table 10 

BFB Key Ion Abundance Criteria 

Mass 

50 

75 

95 

96 

173 

174 

175 

176 

177 

Ion Abundance Criteria 1 

15% to 40% of Mass 95 

30% to 60% of Mass 95 

Base Peak, 100% Relative Abundance 

5% to 9% of Mass 95 

Less Than 2% of Mass 174 

Greater Than 50% of Mass 95 

5% to 9% of Mass 174 

Greater Than 95%, But Less Than 101% of Mass 174 

5% to 9% of Mass 176 

• 
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Table 11 

SPCC Compounds and Minimum Response Factors 

Compound 

1 Chloromethane 

1 1,1-Dichloroethane 

1 Bromoform 

1 1,1,2,2-Tetrachloroethane 

j Chlorobenzene 

8260B, 
8260A 

Min. RF 

0.100 

0.100 

>0.100 

0300 

0300 

nP 

Table 12 

CCC compounds 

Compound 

1 Vinyl Chloride 

1 1,1-Dichloroethene 

\ Chlorofonn 

1 1,2-Dichloropropane 

1 Toluene 

j Ethylbenzene 

n-Hexane (Ohio VAP only) 
1' = ' 

Max. %RSD from Initial Calibration 

<30.0 

<30.0 

<30.0 

<30.0 

<30.0 

<S0.0 

<30.0 

Max. %D for continuing 
calibration 

<20.0 

<20.0 

<20.0 

<20.0 

<20.0 

<20.0 

<20.0 

0 

Table 13 

Characteristic ions 

1 Compound 

1 l,2-Dichloroethane-d4 (Surrogate) 

Dichlorodifluoromethane 

Chloromethane 

Vinyl chloride 

1 Bromomethane 

Chloroethane 

1 Trichlorofluoromethane 

1 1,1-Dichloroethene 

= : = = • = ^ ^ = a 

Primary* 

65 

85 

50 

62 

94 

64 

101 

96 

Secondary 

102 

87 

52 

64 

96 

66 

103 

61 

Tertiary 

50, 101,103 

49 

61 

79 

49 

66 

98 
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Table 13 

Characteristic ions 

Compound 

Acrolein 

lodomethane 

Carbon disulfide 

Trichlorotrifluoroethane 

Ethanol 

Acetone 

Methylene chloride 

tert-Butyl alcohol 

trans-1,2-Dichloroethene 

Acrylonitrile 
1 Methyl/err butyl ether 

1 Hexane 
1 1,1-Dichloroethane 

1 cis-1,2-Dichloroethene 

1 2-Butanone 
Tetrahydrofuran 

Chloroform 
1,2-Dichloroethane 

Dibromomethane 

1,4-Dioxane 

Vinyl acetate 
1,1,1-Trichloroethane 

Carbon tetrachloride 

j Benzene 
j Trichloroethene 

1,2-Dichloropropane 

Bromodichloromethane 

2-Chloroethyl vinyl ether 

cis-1,3-Dichloropropene 

j trans-1,3-Dichloropropene 

l,i;2-Trichloroethane 

1 Chlorodibromomethane 

Bromoform 
1,2,3-Trichloropropane 

Toluene-dg (Surrogate) 

4-Bromofluorobenzene (Surrogate) 

Toluene 
4-Methyl-2-pentanone 

1 Tetrachloroethene 

Primary* 

56 
142 

76 
151 
45 
43 
84 
59 
96 
5S 
73 
57 
63 
96 
43 
42 
83 
62 
93 
88 
43 
97 
117 
78 
130 
63 
83 
63 
75 
75 
97 
129 
173 
75 
98 
95 
91 
43 
164 

Secondary 

55 
127 

78 
101 
46 
58 
49 
74 
61 
52 

43 
65 
61 

72** 

71 
85 
64 
174 
58 
86 
99 
119 
52 
95 
65 
85 
65 
77 
77 
83 
127 
171 
110 
70 
174-

92 
58 
166 

Tertiary 

58 
141 

153 

51,86 

98 
51 

1 
83 
98 

47 
98 

95,172, 176 

117 
121 
77 

97, 132 

41 
129 
106 
39 
39 

85,99 

131 
175,252 

77,112,97 

100 
176 
65 

57, 100 1 
131 1 

% 

% 

01/22/02 



0 
Determination of Volatile analytes by GC/MS 
Analysis of Volatile Organics 
Based on Method 8260B, 8260A, and 624 

0 

SOP No. CORP-MS-0002NC 
Revision No. 23 
Revision Date: 05/23/01 
Page 63 of 67 

Table 13 

Characteristic ions 

1 Compound 

Ethyl methacrylate 

1 2-Hexanone 

Chlorobenzene 

1 Ethylbenzene 

1 Xylenes 

1 Styrene 
1 Dichlorobenzene (all isomers) 

trans l,4-Dichloro-2-butene 

1 1,1,2,2-Tetrachloroethane 

Allyl Chloride 

1 Acetonitrile 
1 Dichlorofluoromethane 

1 Isopropyl ether 

1 Chloroprene 

1 n-Butanol 

1 Propionitrile 

1 Methactylonitrile 

1 Isobutanol 

1 Methyl methacrylate 
1,1,1,2-Tetrachloroethane 

1,2-Dibromo-3-chloropropane 

Ethyl ether 
Ethyl Acetate 

1 2-Nitropropane 

1 Cyclohexanone 

Isopropylbenzene 

' Primary* 

69 

43 

112 

106 

106 

104 

146 

53 

83 

76 

40 

67 

87 

53 

56 

54 

41 

41 

41 

131 

157 

59 

43 

41 

55 

105 

Secondaiy 

41 

1 58 
114 

91 

91 

103 

148 

75 

85 
41 

41 

69 

59 

88 
41 

52 

67 

43 

69 

133 

155 

74 

88 

43 

42 

120 

Tertiary 

1 99, 86, 114 

1 57, 100 

77 

78,51,77 

111 

89,77,124 

131,133 

78 

45 

90 

42 

55 

52 
74 

100 

119 

75 

61 

46 

98 

. 

* The primaiy ion should be used for quantitation unless interferences are present, in which case a secondary ion may be used. 

** m/z 43 may be used for quantitation of 2-Butanone, but m/z 72 must be present for positive identification. 
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REQUIREMENTS FOR EPA 624 

1.1. Method 624 is required for demonstration of compliance with NPDES wastewater 
discharge permits. This method can be applied only to aqueous matrices. The standard 
analyte list and reporting limits are listed in Table B-1. 

1.2. The tune period for this method is defined as 24 hours. 

1.3. The initial calibration cm '̂e for this method requires at least three points. 

1.4. Sample concentrations are calculated using the average RRF from the initial calibration 
curve. 

1.5. Each target analyte is assigned to the closest eluting intemal standard. 

1.6. Initial demonstration of Proficiency 

1.6.1. The spiking level for the fom replicate initial demonstration of proficiency is 20 pg/L. \ 
The acceptance criteria are listed in Table B-2 ^"^ 

1.7. Initial calibration curve requirements: 

1.7.1. Target compounds must have RSD < 35%. 

1.7.2, If this requirement can not be met, a regression curve must be constructed for the non-
compliant compounds. There is no correlation coefficient requirement for the 
regression curve. 

1.8. Continuing calibration verification requirements: 

1,8,1. The continuing calibration standard is from a different source than the initial 
calibration standard. The acceptance criteria are listed in Table B-2. 

1.9. Matrix Spike and LCS requirements 

1,9,1. The matrix spike and LCS are spiked at 20 pg/L. A matrix spike duplicate is not 
necessary for this method. The recovery limits for matrix spike and LCS recovery are 
listed in Table C-2. 

1.10. Method clarifications, modifications and additions ^ W 
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1.10.1. Section 5.2.2 of the source method describes the trap packing materials as Tenax GC, 
Methyl silicone, silica gel and coconut charcoal, STL routinely employs the Supelco 
VOCARB 3000, which consists of Carbopack B and Carboxen 1000 and 1001. 

1.10.2. Section 5.3,2 of the source method describes a packed analytical column. STL 
routinely employs capillary columns when performing this method. 

1.10.3. The source method provides a suggested list of compounds for intemal and surrogate 
standards, STL uses the following two compoimds which are not on the table: 
Chlorobenzene-dj (intemal standard) and l,2-Difluorobenzene-d4 (surrogate). 

0 

0 
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Table A-1. 

Method 624 Analytes and Reporting Limits 

1 Analytes 
Benzene 
Bromodichloromethane 
Bromoform 

1 Bromomethane 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethyl vinyl ether 
Chloroform 
Chloromethane 
Dibromochlorometheine 
1,2-Dichlorobenzene 

1 1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
1,1-Dichloroethane 
1,2-Di chloroethane 
1,1-Dichloroethene 
trans-1,2-Dichloroethene 
1,2-Dichloropropane 
cis-1,3-Dichloropropene 
trans-1,3-Dichloropropene 
Ethylbenzene 
Methylene chloride 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 

1 1,1,1-Trichloroethane 
1,1,2-Trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Vinyl chloride 

Mg/L 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

m 
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Table A-2. 

Method 624 Q C Acceptance Cri ter ia 

0 

Analytes 

Benzene 
Bromodichloromethane 

1 Bromoform 
1 Bromomethane 

Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
2-Chloroethyl vinyl ether 

1 Chlorofonn 
II Chloromethane 

Dibromochloromethane 
1,2-Dichlorobenzene 

1 1,3-Dichlorobenzene 
1 1,4-Dichlorobenzene 
1 1,1-Dichloroethane 
1 1,2-Dichloroethane 
1 1,1-Dichloroethene 
' trans-1,2-Dichloroethene 

1,2-Dichloropropane 
cis-1,3-Dichloropropene 
trans-l,3-Dichloropropene 
Ethylbenzene 
Methylene chloride 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 

1 Toluene | 
1 1,1,1-Trichloroethane 1 

1,1,2-Trichloroethane 
Trichloroethene 1 

1 Trichlorofluoromethane 
1 Vinyl chloride 1 

Daily QC 
' check 

acceptance 
criteria (20Mg/L 

spike) 
12.8-27.2 
13.1-26.9 
14.2-25.8 
2.8-37.2 
14.6-25.4 
13.2-26.8 
7.6-32.4 
D-44.8 

13.5-26.5 
D-40.8 

13.5-26.5 
12.6-27.4 
14.6-25.4 
12.6-27.4 
14.5-25.5 
13.6-26.4 
10.1-29.9 
13.9-26.1 
6.8-33.2 
4.8-35.2 
10.0-30.0 
11.8-28.2 
12.1-27.9 
12.1-27.9 
14.7-253 
14.9-25.1 
15.0-25.0 
14.2-25.8 
13.3-26.7 1 
9.6-30.4 
0.8-39.2 

Mean recovery, 4 
replicate initial 
demonstration 

acceptance criteria 
(20Mg/L spike) 

15.2-26.0 
10.1-28.0 
11.4-31.1 
D-41.2 

17.2-23.5 
16.4-27.4 
8.4-40.4 
D-50.4 

13.7-24.2 
D-45.9 

13.8-26.6 
11.8-34.7 
17.0-28.8 
11.8-34.7 
14.2-28.5 
14.3-27.4 
3.7-42.3 
13.6-28.5 
3.8-36.2 
1.0-39.0 
7.6-32.4 
17.4-26.7 
D-41.0 

13.5-27.2 
17.0-26.6 
16.6-26.7 
13.7-30.1 
143-27.1 
18.6-27.6 1 
8.9-31.5 
D-43.5 1 

Standard deviation, 
4 replicate initial 

demonstration 
acceptance criteria 

(20Mg/L spike) 
6.9 
6.4 
5.4 
17.9 
5.2 
6 3 
11.4 
25.9 
6.1 
19.8 
6.1 
7.1 
5.5 
7.1 
5.1 
6.0 
9.1 
5,7 
13.8 
15.8 
10.4 
7.5 
7.4 
7.4 
5.0 
4.8 
4.6 
5.5 
6.6 
10.0 
20.0 

Matrix spike and LCS 
acceptance criteria 

(% recovery) 

37-151 
35-155 
45-169 
D-242 
70-140 
37-160 
14-230 
D-305 1 
51-138 1 
D-273 
53-149 
18-190 
59-156 
18-190 
59-155 
49-155 
D-234 
54-156 ! 
D-210 
D-227 
17-183 1 
37-162 
D-22I ' 
46-157 
64-148 
47-150 
52-162 
52-150 
71-157 
17-181 1 
D-251 1 
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APPENDIX G - INSTRUMENT SET-UP 41 

1. SCOPE AND APPLICATION 

1.1. TTiis procedure describes the preparation and analysis of mercury (Hg, CAS # 7439-97-6) 
by Cold Vapor Atomic Absorption Spectroscopy (CVAA) using SW-846 Method 7470A 
and MCAWW Method 245.1. 

1.2. The associated LIMs method codes are BL (Method 245.1) and 08 (Method 7470A). 

1.3. CVAA analysis provides for the determination of total mercury (organic and inorganic). The 
combination of the oxidants, potassium pennanganate and potassium persulfate, has been 
found to give 100% recovery with both types of compounds. Detection limits, sensitivity 
and optimum concentration ranges for mercury analysis will vary vrith the matrices, 
instrumentation and volume of sample used. 

1.4. Method 7470A is apphcable to the preparation and analysis of mercury in ground water, 
aqueous samples, TCLP, and other leachates/extracts. Certain solid and sludge type 
wastes may also be analyzed, however Method 7471A (see CORP-MT-0007NC) is 
usually the method of choice. All matrices require sample preparation prior to analysis. 

1.5. Method 245.1 is apphcable to the determination of mercury in drinking, surface and saline 
waters and domestic and industrial wastes. All matrices require sample preparation prior lo 
analysis. 

1.6. The STL North Canton reporting limit for mercury in aqueous matrices is 0.0002 mg/L 
except for TCLP or SPLP leachates for which the reporting limit is 0.002 mg/L. 

2. SUMMARY OF METHOD 

2.1. This SOP describes a technique for the determination of mercury in solution. The 
procedure is a physical method based on the absorption of radiation at 253.7 nm by 
mercury vapor. A representative portion of the sample is digested in sulftiric and nitric 
acids. Organic mercury conpounds are oxidized with potassium permanganate and 
potassium persulfate and the mercury reduced to its elemental state with stannous chloride 
and aerated from solution in a closed system. The mercury vapor passes through a cell 
positioned in the light path of an atomic absorption spectrophotometer. Absorbance is 
measured as a function of mercury concentration. Concentration of the analyte in the 

) 

m 
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sample is determined by comparison of the sample absorbance to the calibration curve 
(absorbance vs. concentration). 

3. DEFINITIONS 

3.1. Dissolved Metals: Those elements which pass through a 0.45 um membrane. (Sample is 
acidified after filtration). 

3.2. Suspended Metals: Tbose elements which are retained by a 0.45 um membrane. 

3.3. Total Metals: The concentration determined on an unfiltered sample follovring digestion. 

4. INTERFERENCES 

Chemical and physical interferences may be encountered when analyzing samples using this method. 

4.1. Potassium permanganate, which is used to breakdown organic mercvuy compounds also 
eliminates possible interferences fi-om sulfide. Concentrations as high as 20 mg/L of sulfide 
as sodium sulfide do not interfere vrith the recovery of inorganic mercury fi^om reagent 
water. 

4.2. Copper has also been reported to interfere; however, copper concentrations as high as 10 
mg/L had no effect on the recovery of mercury from spiked san^les. 

4.3. Chlorides can cause a positive interference. Sea waters, brines and industrial effluents high 
in chlorides require additional permanganate (as much as 25 mL) because, during the 
oxidation step, chlorides are converted to free chlorine, which also absorbs radiation at 
253.7 run. Care must be taken to ensure that free chlorine is absent before the mercury is 
reduced and swept into the cell. This is accomplished by adding excess hydroxylamine 
reagent (25 mL) and purging the sample headspace before stannous chloride is added. 
Both inorganic and organic mercury spikes have been quantitatively recovered from 
seawater using this technique. 

Note: Sufficient addition of pennanganate is apparent when the purple color persists at 
least 15 minutes. Some samples may require dilution prior to digestion due to 
extremely high concentrations of chloride. 

4.4. Interference from certain volatile organic materials that absorb at this wavelength may also 
occur. If suspected, a preliminary run vrithout stannous chloride can determine if this type 
of interference is present. While the possibility of absorption from certain organic 
substances present in the sample does exist, this problem is not routinely encountered. This 
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is mentioned only to caution the analyst of the possibility. If this condition is found to exist, 
the mercury concentration in the sample can be determined by subtracting the result of the 
sample run without the reducing reagent (stannous chloride) from that obtained with the 
reducing reagent. 

4.5. Samples containing high concentrations of oxidizing organic materials, as evidenced by high 
COD levels, may not be completely oxidized by this procedure. When this occurs the 
recovery of mercury will be low. The problem can be eliminated by reducing the volume of 
original sample used. 

4.6. The most common interference is laboratory contamination, which may arise from irrqjure 
reagents, dirty glassware, improper sample transfers, dirty work areas, etc. Be aware of 
potential sources of contamination and take appropriate measures to minimize or avoid 
them 

5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all STL 
North Canton associates. 

5.2. Eye protection that satisfies ANSI Z87.1 (as per the Chemical Hygiene Plan), laboratory 
coat, and appropriate gloves must be worn while samples, standards, solvents, and reagents 
are being handled. Disposable gloves that have been contaminated wiU be removed and 
discarded; other gloves will be cleaned immediately. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have not 
been fliUy defined. Additional health and safety information can be obtained from the 
Material Safety Data Sheets (MSDS) maintained in the laboratory. The following specific 
hazards are known: 

5.3.1. The following materials are known to be corrosive: 

hydrochloric acid, nitric acid and sulfiiric acid. 

5.3.2. TTie foUowing materials are known to be oxidizing agents: 

nitric acid, potassium permanganate, potassium persulfate and magnesium 
perchlorate. 

5.3.3. Mercury is a highly toxic element that must be handled with care. The analyst must ^ ^ . 
be aware of the handling and clean up techniques before working with mercury. ^ H h 
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Since mercury vapor is toxic, precaution must be taken to avoid its inhalatioii, 
ingestion or absorption through skin. AH lines should be checked for leakage and 
the mercury vapor must be vented into a hood or passed through a mercury 
absorbing media such as: 

5.3.3.1. Equal volumes of 0.1 M KMn04 and 10% H2SO4, or 

5.3.3.2. Iodine, 0.25%, in a 3% Kl solution. 

5.3.4. Magnesium sulfate is known to be a reproductive toxin (mutagen). 

5.4. Exposure to chemicals must be maintained as low as reasonably achievable. Tberefore, 
unless they are known to be non-hazardous, all samples should be opened, transferred and 
prepared in a fume hood, or under other means of mechanical ventilation. Solvent and 
waste containers will be kept closed unless transfers are being made. 

5.5. AH work must be stopped in the event of a known or potential con^romise to the health 
and safety of a STL North Canton associate. The situation must be reported immediately 
to a laboratory supervisor. 

5.6. Do not look directly into the beam of the Hg lamp. The UV Ught that these lanps radiate is 
harmfixl lo the eyes. 

5.7. Cylinders of compressed gas must be handled with caution, in accordance with local 
regulations. It is recommended that, wherever possible, cylinders are located outside the 
laboratory and the gas led to the instrument through approved lines. 

5.8. The CVAA apparatus must be properly vented to remove potentially harmfiil fumes 
generated during sample analysis. 

6. EQUIPMENT ANT) SUPPLIES 

6.1. Temperature controlled water bath (capable of maintaining a temperature of 90-95 °C) or 
autoclave that is able to obtain conditions of 15 lbs., 120 °C for 15 minutes. 

6.2. Atomic Absorption Spectrophotometer equipped with: 

6.2.1. Absorption Cell with quartz end windows perpendicular to the longitudinal axis. 
Dimensions of the ceU must result in sufficient sensitivity to meet the SOP defined 
reporting limit. The quartz windows must be maintained to provide accurate 
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measurements. Any scratches or fingerprints can alter the absorption of UV 
radiation. 

6.2.2. Mercury specific hollow cathode lamp (HCL) or electrodeless discharge lamp 
(EDL). 

6.2.3. Peristaltic pump, which can deliver 1 Umin, air. 

6.2.4. Flowmeter enable of measuring an airflow of 1 L/min. 

6.2.5. Recorder or Printer. 

6.2.6. Aeration Tubing: A straight glass fiit having a course porosity and Tygon tubing is 
used for the transfer of mercury vapor from the sample bottle to the absorption cell 
and retum. 

6.2.7. Drying device (a drying tube containing magnesium perchlorate or magnesium 
sulfate and/or a larr̂ j with a 60 W bulb) lo prevent condensation in cell. The larrqj 
is positioned to shine on the absorption cell maintaining the air temperature in the 
cell about 10 °C above room temperature. Other drying devices that achieve the 
same purpose are also acceptable (i.e., Cortex filter). 

NOTE: Instruments designed specifically for the measurement of mercury using the cold 
vapor technique may be substituted for the atomic absorption spectrophotometer. 

6.3. BOD bottles or equivalent. 

6.4. Nitrogen or argon gas supply, welding grade, or equivalent. 

6.5. Calibrated automatic pipettes or Class A glass volumetric pipettes. 

6.6. Class A volumetric flasks. 

6.7. Thermometer (capable of accurate readings at 95 °C). 

6.8. Disposable cups or tubes. 

% 

% 
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7. REAGENTS AND STANDARDS 

7.1. Reagent water must be produced by a Millipore DI system or equivalent. Reagent water 
must be free of the analytes of interest as demonstrated through the analysis of method 
blanks. 

7.2. Stock (10 ppm) mercury standards (in 10% HNO3) are purchased as custom STL North 
Canton solutions. AH standards must be stored in FEP fluorocarbon or previously unused 
polyethylene or polypropylene bottles. Stock standard solutions must be replaced prior lo 
the expiration date provided by the manufacturer. If no expiration date is provided, the 
stock solutions may be used for up to one year and must be replaced sooner if verification 
from an independent source indicates a problem. 

7.3. Working mercury standard (0.1 ppm): Take 1 mL of the stock mercury standard (7.2) 
and dilute to 100 mL with reagent water. The working mercury standard must be made 
daily and must be prepared in a matrix of 0.15% HNO3. This acid (150 uL of concentrated 
HNO3) must be added to the flask/bottle before the addition of the stock standard aliquot. 

7.4. The calibration standards listed in Table 1 mtisl be prepared fresh daily from the working 
standard (7.3) by transferring 0, 0.2, 0.5, 1.0, 5.0 and 10.0 mL aliquots of the working 
mercury standard into 100 mL flasks and diluting to volume with reagent water. 

Note: Alternate approaches to standard preparation may be taken and altemate volumes 
of standard may be prepared as long as the accuracy and final standard 
concentrations as detailed in Table 1 are maintained. For example, automated 
mercury systems do not require 100 mL of standard and therefore smaller volumes 
may be generated to reduce waste generation. 

7.5. TTie initial calibration verification standard must be made from a different stock solution than 
that of the calibration standards. 

7.6. Refer to Table I (Appendix A) for details regarding the working standard concentrations for 
calibration, calibration verification and spiking solutions. All standards must be processed 
through the entire analytical procedure including sample preparation. 

7.7. Nitric acid (HNO3), concentrated, trace metal grade or better. 

Note: If a high reagent blank is obtained, it may be necessary to disliU the nitric acid. 

7.8. Sulfuric acid (H2SO4), concentrated, trace metal grade or better. 
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7.9. Stannous sulfate solution Add 25 g of stannous sulfate lo 250 mL of 0.5 N sulfuric acid. 
This mixture is a suspension and should appear cloudy. This solution should be made daily 
and should be stirred continuously during use. 

Note: Stannous chloride may be used in place of stannous sulfate. Prepare the stannous 
chloride solution according lo the recommendations provided by the instrument 
manufacturer. 

7.10. Sodium chloride-hydroxylamine hydrochloride solution: Add 12 g of sodium chloride and 
12 g of hydroxylamine hydrochloride to every 100 mL of reagent water. 

Note: Hydroxylamine sulfate may be used in place of hydroxylamine hydrochloride. 

7.11. Potassium permanganate, 5% solution (w/v): Dissolve 5 g of potassium permanganate for 
every 100 mL of reagent water. 

7.12. Potassium persulfate, 5% solution (w/v): Dissolve 5 g of potassium persulfate for every 
100 rriL of reagent water. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Sarrq)le holding time for mercury is 28 days from time of coUection to the time of analysis. 

8.2. Aqueous samples are preserved with nitric acid to a pH of <2 and may be stored in either 
plastic or glass. Refiigeration is not required. Preservation must be verified prior to 
analysis. 

9. QUALITY CONTROL 

Table D (Appendix A) provides a summary of quahty control requirements including type, 
frequency, acceptance criteria and corrective action. 

9.1. Initial Demonstration of Capability 

Prior to the analysis of any analyte using 7470A or the 245.1, the following requirements 
must be met. 

9.1.1. Method Detection Limit (MDL) - An MDL must be determined for each 
analyte/matrix prior to the analysis of any samples. The MDL is determined using 
seven replicates of reagent water, spiked with all the analytes of interest, that have 
been earned through the entire analytical procedure. MDLs must be redetermined 

J 
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on an annual basis in accordance with 40 CFR Part 136 Appendix B requirements. 
The spike level must be between the calculated MDL and lOX the MDL to be 
valid. The result of the MDL determination must be below the STL North Canton 
reporting limit. 

9.1.2. Initial Demonstration Study - This requires the analysis of four QC check samples. 
The QC check sample is a well-characterized laboratory generated sample used to 
monitor method performance. The results of the initial demonstration study must be 
acceptable before analysis of samples may begin. 

9.1.2.1. Four aliquots of the check sample (LCS) are prepared and analyzed using 
the procedures detailed in this SOP and the determinative SOPs. 

9.2. Preparation Batch - A group of up to 20 samples that are of the same matrix and are 
processed together using the same procedures and reagents. The preparation batch must 
contain a method blank, a LCS and a matrix spike/matrix spike dupbcate. In some cases, 
at client request, it may be appropriate to process a matrix spike and sample duplicate in 
place of the MS/MSD. If clients specify specific samples for MS/MSD, the batch may 
contain multiple MS/MSD pairs. 

9.3. Sample Count - Laboratory generated QC samples (Method Blanks, LCS, and 
MS/MSDs) are not included in the sample count for determining the size of a preparation 
batch. 

9.4. Method Blank (MB) - One method blank must be processed with each preparation batch. 
TTie method blank consists of reagent water containing all reagents specific to the method 
that is carried through the entire analytical procedure, including preparation and analysis. 
The method blank is used to identify any system and process interferences or contamination 
of the analytical system that may lead to the reporting of elevated analyte concentrations or 
false positive data. The method blank should not contain any analyte of interest at or above 
the reporting limit or at or above 10% of the measured concentration of that analyte in 
associated samples, whichever is higher (sample result must be a minimum of 20 times 
higher than the blank contamination level). 

• Repreparation and reanalysis of aU samples associated with an unacceptable method 
blank is required when reportable concentrations are determined in the samples (see 
exception noted above). 

• If there is no analyte greater than the RL in the samples associated with an unacceptable 
method blank, the data may be reported with qualifiers. Such action must be taken 
in consultarion wth the cUent and must be addressed in the project narrative. 
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• If the above criteria are not met and reanalysis is not possible, then the sample data 
must be qualified. This anomaly must be addressed in the project narrative and 
the client must be notified. 

9.5. Laboratory Control Sample (LCS) - One aqueous LCS must be processed with each 
preparation batch. The LCS is used to monitor the accuracy of the analytical process. On 
going monitoring of the LCS results provides evidence that the laboratory is performing the 
method within acceptable accuracy and precision guidelines. The LCS must be carried 
through the entire analytical procedure. If the LCS is outside established control limits the 
system is out of control and conrective action must occur. Until in-house control limits are 
established, a control limit of 80 - 120% recovery must be applied. 

• In the instance where the LCS recovery is > 120% and the sample results are < 
RL, the data may be reported with qualifiers. Such action must be taken in 
consultation with the client and must be addressed in the case narrative. 

• In the event that an MS/MSD analysis is not possible, a Laboratory Control Sample 
EHiplicate (LCSD) must be analyzed. The RPD of the LCS and LCSD must be 
compared to the matrix spike RPD limits. 

• Corrective action wiH be repreparation and reanalysis of the batch unless the cUent 
agrees that other corrective action is acceptable. 

9.6. Manix Spike/Matrix Spike Duplicate (MS/MSD) - One MS/MSD pair must be processed 
for each preparation batch. A matrix spike (MS) is a field sample to which known 
concentrations of target analytes have been added. A matrix spike duphcale (MSD) is a 
second aliquot of the same sample (spiked identically as the MS) prepared and analyzed 
along with the sample and matrix spike. Some cUenl specific data quahty objectives 
(DQO's) may require the use of sample dupUcates in place of or in addition to MS/MSD's. 
The MS/MSD results are used to determine the effect of a matrix on the precision and 
accuracy of the analytical process. Due to the potential variabihty of the matrix of each 
sample, these results may have immediate bearing only on the specific sample spiked. 
Samples identified as field blanks cannot be used for MS/MSD analysis. Spiking levels are 
provided in Table I (Appendix A). 

• If analyte recovery or RPD falls outside the acceptance range, the recovery of that 
analyte must be in control for the LCS. Until in-house control limits are established, 
a control Umit of 75 - 125 % recovery and 20% RPD must be applied to the 
MS/MSD. If the LCS recovery is within limits, then the laboratory operation is in 
control and the results may be accepted. If the recovery of the LCS is outside 
limits, conective action must be taken. Corrective action wiU include repreparation 

m 
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and reanalysis of the batch. MS/MSD results, which fall outside the control Umits, 
must be addressed in the narrative. 

• If the native analyte concentration in the MS/MSD exceeds 4 times the spike level 
for that analyte, the recoveiy data are reported as NC (i.e., not calculated). If the 
reporting software does not have the ability to report NC then the actual recovery 
must be reported and narrated as follows: "Results outside of limits do not 
necessarily reflect poor method performance in the matrix due to high analyte 
concentrations in the sample relative lo the spike level." 

• If an MS/MSD is not possible due lo limited sample volume, then a laboratory 
control sample duplicate (LCSD) should be analyzed. The RPD of the LCS and 
LCSD must be compared lo the matrix spike RPD limits. 

9.7. Initial Calibration Verification (ICV/ICB) - Calibration accuracy is verified by analyzing a 
second source standard (ICV). The ICV result must faU within 10% of the true value for 
thai solution. An ICB is analyzed immediately following the ICV to monitor low level 
accuracy and system cleanliness. The ICB result must fall within +/- the reporting limit (RL) 
from zero. If either the ICV or ICB faU to meet criteria, the analysis should be terminated, 
the problem corrected and the instrument recahbraled. (See Section 11.2.11 and Section 

11.2.12 for required run sequence). If the cause of the ICV or ICB failure was not directly 
instrument related the corrective action will include repreparation of the ICV, ICB, CRA, 
CCV, and CCB with the calibration curve. 

9.8. Continuing Calibration Verification (CCV/CCB) - Calibration accuracy is monitored 
throughout the analytical run through the analysis of a known standard after every 10 
samples. The CCV must be a mid-ranee standard at a concentration other than that of the 
ICV. The CCV result must fall within 20% of the true value for that solution. A CCB is 
analyzed immediately following each CCV. (See Section 11.2.11 and 11.2.12 for required 
run sequence.) The CCB result must fall within +/- RL from zero. Each CCV and CCB 
analyzed must reflect the conditions of analysis of all associated samples. Sample results 
may only be reported when bracketed by vaUd ICV/CCV and ICB/CCB pairs. 

9.9. Method of Standard Addition (MSA) -This technique involves adding known amounts of 
standard to one or more aliquots of the sample prior lo preparation. This technique 
compensates for a sample interferent that may enhance or depress the analyte signal, thus 
producing a different slope from that of the calibration standards. It wiU not correct for 
additive interferences, which cause a baseline shift. Refer to Section 11.2.13 for additional 
information on when fliU 4 point MSA is required as well as Appendix C for specific MSA 
requirements. 
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10. CALIBRATION AND STANDARDIZATION 

10.1. Calibration standards must be processed through the preparation procedure as described in 
Section 11.1. 

10.2. Due lo the differences in preparation protocols separate calibration and cahbration 
verification standards must be prepared for aqueous and sohd matrices. 

10.3. Calibration must be performed daily (every 24 hours) and each time the instrument is set up. 
The instrument calibration date and time must be included in the raw data. 

10.4. Set up the instrument with the operating parameters recommended by the manufacturer. 
AUow the instrument to become thermally stable before beginning calibration (approximately 
30 minutes of warm-up is required). Refer to the facility specific instrument SOP and 
CVAA instrument manual for detailed setup and operation protocols. 

10.5. Calibrate the instrument according to instrument manufacturer's instructions, using a 
minimum of five standards and a blank. One standard must be al the STL North Canton 
reporting limit. Analyze standards in ascending order beginning with the blank. Refer lo 
Section 7.5 and Table 1 for additional information on preparing calibration standards and 
calibration levels. 

10.6. The calibration curve must have a correlation coefficient of >0.995 or the instrument shall be 
slopped and recalibrated prior lo running samples. Sample results can not be reported from 
a curve with an unacceptable correlation coefficient. 

10.7. Refer to Section 9.0 for calibration verification procedures, acceptance criteria and 
corrective actions. 

m 
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11. PROCEDURE 

11.1. Sample Preparation: 

11.1.1. All calibration and calibration verification standards (ICV, ICB, CCV, CCB) are 
processed through the digestion procedure as weU as the field samples. Transfer 
0, 0.2, 0.5, 1.0, 5.0 and 10.0 mL aliquots of the working standard (7.3) into a 
series of 100 ml class A volumetrics, then dilute lo volume . For the ICV, use a 
2.5 ml aliquot of the working standard. The ICV working standard must be made 
from a source other than that used for the calibration standards. 

11.1.2. Transfer 100 mL of well-mixed sample or standard to a clean sample digestion 
bottle. 

Note: Reduced sample volumes can be used as long as a representative sample 
can be obtained and the reagent levels are adjusted to maintain the same 
sample to reagent ratio. All samples and standards must be processed 
similarly. 

Note: Spiking is done before the addition of acids or reagents. 

11.1.3. Add 5 mL of concentrated H2SO4 and 2.5 mL of concentrated HNO3 mixing 
after each addition. 

11.1.4. Add 15 mL of potassium permanganate solution. For samples high in organic 
materials or chlorides, additional permanganate may be added. Shake and add 
additional portions of permanganate solution until a purple color persists for at 
least 15 minutes. If after the addition of up lo 25-mL additional pennanganate 
the color does not persist, sample dilution prior lo reanalysis may be required. 

Note: When performing analyses using automated vs. manual techniques the 
sample dilution resultant from the addition of more than the original ahquol 
of permanganate solution must be compensated for by the addition of the 
same volume of permanganate lo all olher associated samples and 
standards in the run. In instances, where this is not feasible, the addition 
of excess reagent can be addressed through mathematical correction of 
ihe results to account for Ihe resullanl dilution effect. 
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11.1.5. Add 8 mL of potassium persulfate solution and heat for two hours in a water bath 
al 90 - 95 °C. 

NOTE: Alternatively, for RCRA analyses using 7470A, samples may be digested 
using an autoclave for 15 minutes at 120 °C and 15 lbs. 

11.1.6. Cool samples. 

11.2. Sample Analysis: 

11.2.1. Refer to the Appendix G of this SOP for detailed setup and operation protocols. 

11.2.2. AU labs are required to detail the conditions/programs utilized for each instrument 
within the facihly specific instrument operation SOP. 

11.2.3. When ready lo begin analysis, add 6 mL of sodium chloride-hydroxylamine 
hydrochloride solution lo the samples to reduce the excess permanganate (the 
permanganate has been reduced when no purple color remains). Add this 
solution in 6-mL increments until the permanganate is completely reduced. 

11.2.4. Manual determination: 

11.2.4.1. Treating each sample individually, purge the headspace of the sample 
bottle for al least one minute. 

11.2.4.2. Add 5 mL of stannous chloride solution and immediately attach the 
bottle lo the aeration apparatus. 

11.2.4.3. AHow the sample lo stand quietly vrithoul manual agitation while the 
sample is aerated (1 L/min flow). Monitor the sample absorbance 
during aeration. When the absorbance reaches a maximum and the 
signal levels off, open the bypass valve and continue aeration until the 
absorbance returns to its baseline level. Close the bypass valve and 
remove the aeration device. 

11.2.4.4. Place the aeration device into 100 mL of 1% HNO3 and allow to 
bubble rinse until the next sample is analyzed 

11.2.5. Automated determination: Follow instructions provided by instmment 
manufacturer. 

) 
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11.2.6. Perform a linear regression analysis of the calibration standards by plotting 
maximum response of the standards vs. concentration of mercury. Determine the 
mercury concentration in the samples from the linear regression fit of the 
cahbration curve. Calibration using computer or calculation based regression 
curve fitting techniques on concentration/response data is acceptable. 

11.2.7. All measurements must fall within the defined calibration range to be valid. Dilute 
and reanalyze all sanples for analytes that exceed the highest calibration standard. 

11.2.8. If the sample results are negative and the absolute value of the negative result is 
greater than the reporting limit, the sample must be diluted and reanalyzed. 

11.2.9. The samples must be allowed lo cool to room temperature prior lo analysis or a 
decrease in the response signal can occur. 

11.2.10. Baseline correction is acceptable as long as it is performed after every sample or 
after the CCV and CCB; resloping is acceptable as long as it is immediately 
preceded and followed by a comphant CCV and CCB. 

11.2.11. The following analytical sequence must be used with 7470A and 245.1: 

Instrument Calibration 
ICV 
ICB 
Maximum 10 samples 
CCV 
CCB 
Repeat sequence of 10 samples beuveen CCV/CCB pairs as required to 
complete run 
CCV 
CCB 

Refer to Quality Control Section 9.0 and Table II (Appendix A) for quahty 
control criteria lo apply lo Methods 7470A and 245.1. 

Note: Samples include the method blank, LCS, MS, MSD, duplicate, field 
samples and sample dilutions. 

11.2.12. The following run sequence is consistent with 7470A, CLP and 245.1 and may 
be used as an alternate to the sequence in 11.2.11. This run sequence is 
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recommended if multiple method requirements must be accommodated in one 
analytical run: 

Instrument Calibration 
ICV 
ICB 
CRA-̂  
CCV 
CCB 
10 samples 
CCV 
CCB 
Repeat sequence of 10 samples between CCV/CCB pairs as required lo 

conplele run. 
CCV 
CCB 

Refer lo the appropriate CLP SOP (CORP-MT-0006) for quality conU-ol 
requirements for QC samples. 

* Refer to the CLP SOP for infonnation on the CRA. 

11.2.13. For TCLP samples, full four point MSA wiU be required if all of the following 
conditions are met: 

1) recovery of the analyte in the matrix spike is not at least 50%, 

2) the concentration of the analyte does not exceed the regulatory level, and, 

3) the concentration of the analyle is within 20% of the regulatory level. 

The reporting and matrix spike levels for TCLP analyses are detailed in Table I 
(Appendix A). Appendix E provides guidance on performing MSA analyses. 
For TCLP mercury detenninations, MSA spikes must be added prior to sample 
preparation. 

11.3. To facilitate the early identification of ĈC failures and samples requiring rerun it is strongly 
recommended that sample data are reviewed periodically throughout the nm. 

11.4. Guidelines are provided in the appendices on procedures lo minimize contamination of 
samples and standards, preventive maintenance and troubleshooting. 

# 
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11.5. One time procedural variations are allowed only if deemed necessary in the professional 
judgment of supervision to accommodate variation in sample matrix, radioactivity, 
chemistry, sample size, or olher parameters. Any variation in procedure shall be completely 
documented using a Nonconformance Memo and is approved by a Technical Specialist and 
QA Manager. If contracnially required, the client shall be notified. The Nonconformance 
Memo shall be filed in the project file. 

11.6. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and corrective action described. 

12. DATA ANALYSIS AND CALCULATl ONS 

12.1. \CW percent recoveries are calculated according to the equation: 

1, TrueilCV) J 

12.2. CCV percent recoveries are calculated according to the equation: 

%;?=ioo 
FoundiCCV) 

True{CCV) J 

12.3. Matrix spike recoveries are calculated according lo the following equation: 

%R = 100 
SSR - SR 

SA 

Where: 
SSR = Spike Sample Result 
SR = Sample Result 
SA = Spike Added 

12.4. The relative percent difference (RPD) of matrix spike/matrix spike duplicates or sample 
duphcates are calculated according to the following equations: 

RPD = ]00 
\MSD- MS] 

( MSD+ MS 

file:///MSD
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Where: 
MS = determined spiked sample concentration 
MSD = determined matrix spike duplicate concentration 

RPD = \00 
\DU\-DU2\ 

r D m + DU'2S 

) 

Where: 
DUl = Sample result 
DU2 = Sample duphcale result 

12.5. The final concentration for an aqueous sample is calculated as follows: 

mg/L = C x D 

Where: 
C = Concentration (mg/L) fiom instrument readout 
D = Instrument dilution factor 

12.6. The LCS percent recovery is calculated according to the following equation: 

) 

12.7. Appropriate factors must be apphed lo sample values if dilutions are performed. 

I TrueiLCS) 

12.8. Sample results should be reported with up lo three significant figures in accordance with the 
STL North Canton significant figure policy. 

13. METHOD PERFORMANCE 

13.1. Each laboratory must have initial demonstration of performance data on file for each analyte 
of interest as described in Section 9.0. 

13.2. Method performance is determined by the analysis of method blanks, laboratory control 
samples, matrix spike and matrix spike duphcale samples. The matrix spike recovery 
should fall within +/- 25 % and the matrix spike duphcates should compare within 20% 
RPD. The method blanks must meet the criteria in Section 9.3. The laboratory control 
sample should recover within 20% of the tme value until in house limits are established. 

• 

• 

file:///DU/-DU2/
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13.3. Training Qualification: 

The groupAeam leader has the responsibihly to ensure that this procedure is performed by 
an associate who has been properly trained in its use and has the required experience. 

14. POLLUTION PREVENTION 

14.1. This method allows for the proportional reduction of sample and reagent volumes lo 
decrease waste generation. 

15. WASTE MANAGEMENT 

15.1. Waste generated in the procedure must be segregated and disposed according lo the facihly 
hazardous waste procedures. The Environmental Health and Safety Director should be 
contacted if additional information is required. 

16. REFERENCES 

16.1. References 

16.1.1. Test Methods for Evaluating Sohd Waste, PhysicaVChemical Methods, SW-846, 
3rd Edition, Final Update E, Revision I, September 1994, Method 7470A 
(Mercury). 

16.1.2. "Methods for the Chemical Analysis of Water and Wastes", EPA-600/4-79-020, 
U.S.EPA, August 1983, Method 245.1. 

16.1.3. U.S.EPA Statement of Work for hiorganics Analysis, ILMO3.0 and ILMO4.0. 

16.1.4. Corporate (Quality Management Plan (QMP), current version. 

16.1.5. STL Laboratory Quahty Manual (LQM), current version. 

16.2. Associated SOPs and Pohcies, latest version 
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16.2.1. QA Policy, QA-003. 

16.2.2. Glassware Washing, NC-QA-0014. 

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-0018. 

16.2.4. Method Detection Limits and Insttumenl Delection Limits, NC-QA-0021. 

16.2.5. Navy/Army SOP, NC-QA-0016. 

17. MISCELLANEOUS (TABLES, APPENDICES, ETC. . . ) 

17.1. Modifications/Interpretations from reference method. 

17.1.1. Modifications from both 7470A and 245.1. 

17.1.1.1. The 200 series methods and Chapter 1 of SW846 specify the use of 
reagent water vrith a purity equivalent lo ASTM Type D waler. This 
SOP specifies the use of a MiUipore DI system or equivalent lo produce 
reagent water. This SOP requires that reagent water must be free of 
the analytes of interest as demonstrated through the analysis of method 
blanks. 

17.1.1.2. This SOP allows for the use of reduced sample volumes to decrease 
waste generation. Reagent levels are adjusted to maintain the same 
ratios as staled in the source methods. According lo a letter from 
Robert Booth of EPA EMSL-Cinn to David Payne of EPA Region V, 
"Reduction in sample size and appropriate corresponding reduction in 
sample volume is not considered a significant change in the 
methodology." 

17.1.1.3. The altemate run sequence presented in Section 11.2.12 is consistent 
with method requirements. An additional QC analysis (CRA) was 
added to accommodate the CLP protocol requirements. 

17.1.2. Modifications from Method 7470A 

17.1.2.1. Chapter 1 of SW-846 stales that the method blank should not contain 
any analyte of interest at or above the MDL. This SOP states that the 

m 

% 
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method blank must not contain any analyle of interest at or above the 
reporting limit. 

17.1.2.2. Documentation is on file from EPA's Office of Solid Waste (OUiver 
Fordham 11/28/95) regarding the acceptance of the autoclave as an 
equivalent heating device to the water bath. In his letter, Mr. Fordham 
cited the CLP water protocol 245.1 CLP-M and therefore the 
operating parameters from that method were adopted for 7470A (15 
minutes at 120 °C and 15 lbs.). 

17.1.3. Modifications from 245.1 

17.1.3.1. Method 245.1 Section 9.3 states concentrations should be reported as 
follows: Between 1 and 10 ug/L, one decimal; above 10 ug/L, lo the 
nearest whole number. STL North Canton reports aU Hg results under 
this SOP to two significant figures. 

17.2. Modifications from previous SOP 

17.2.1. Chapter 1 of SW-846 states that the method blank should not contain any analyle 
of interest at or above the MDL. This SOP stales that the method blank must not 
contain any analyle of interest at or above the reporting limit. 

17.2.2. Documentation is on file from EPA's OflRce of Solid Waste (OUiver Fordham 
11/28/95) regarding the acceptance of the autoclave as an equivalent heating device 
lo the water bath, bi his letter, Mr. Fordham cited the CLP water protocol 245.1 
CLP-M and therefore the operating parameters from the method were adopted for 
7470A (15 minutes at 120° C and 15 lbs.). 

17.3. FacUity Specific SOPs 

Each facihly shaU attach a Ust of facihly specific SOPs or ^proved attachments (if 
apphcable) which are required to implement this SOP or which are used in conjunction with 
this SOP. If no facihty specific SOPs or amendments are to be attached, a statement must 
be attached specifying that there are none. Refer to the Appendices for any facihly specific 
information required lo support this SOP. 

17.4. Documentation and Record Management 

The foUowing documentation comprises a complete CVAA raw data package: 
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• Raw data (direct instrument printout) 

• Run log printout from instrument software where this option is available or manually 
generated run log. (A bench sheet may be substituted for the run log as long as it 
contains an accurate representation of the analytical sequence). 

• Data review checkUsl - See Appendix B 

• Standards Documentation (source, lot, dale). 

• Copy of digestion log. 

• Non-conformance summary (if apphcable). 

m 

m 
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Figure 1. Aqueous Sample Preparation - Mercury 
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Figure 2. CVAA Mercury Analysis 
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TABLE I . MERCURY REPORTING LIMITS, CALIBRATION STATEDARD*, QC 
STANDARD AND SPIKING LEVELS (MG/L) 

Standard Aqueous RL 

TCLP RL 

SldO 

Stdl 

Std 2 

Std 3 

Std 4 

Std 5 ** 

ICV 

LCS/CCV 

Aqueous MS 

TCLP MS 

0.0002 

0.002 

0 

0.0002 

0.0005 

0.001 

0.005 

0.010 

0.001 or 0.0025*** 

0.0025 or 0.005*** 

0.001 

0.005 

* SOP specified calibration levels must be used unless prevented by the instrument 
configuration or client specific requirements. De\iations from specified calibration levels 
must be documented in the facility specific instrument operation SOP and must be approved 
by the facilitj' technical manager and Quality' Assurance Manager. 

** Optional standard which may be used to extend the calibration range as allowed by the 
instrument configuration. If the instrument configuration prevents the use of 6 standards, the 
2-ppb standard may be eliminated in favor of the 10 ppb standard. 

*** Concentration level dependent on high calibration standard used. CCV must be SOVo of high 
standard concentration and ICV must be 20-25% of high standard concentration. 

# 
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TABLE n . Summary Of Quahty Control Requirements 
QC PARAMETER 

ICV 

ICB 

CCV 

CCB 

Method Blank 

FREQUENCY * 

Beginning of every 
analytical run. 

Beginning of every 
analytical run, immediately 
foUowing the ICV. 

Every 10 samples and al 
the end of the run. 

hnmedialely following 
each CCV. 

One per sample 
preparation batch of up to 
20 samples. 

ACCEPTANCE 
CRITERIA 
90-110% recovery. 

The result must be within 
+/- RL from zero. 

80- 120% recovery. 

The result must be within 
+/- RL from zero. 

The result must be less 
than or equal to the RL. 
Sample results greater than 
20x the blank 
concentration are 
acceptable. 
Samples for which the 
contaminant is < RL do 
not require redigestion 
(See Section 9.4). 

CORRECTTVE ACTION 

Terminate analysis; 
Correct the problem; 
Recalibrate or reprep with 
cahbration curve. (See 
Section 9.7). 
Terminate analysis; 
Correct the problem; 
Recalibrate or reprep with 
cahbration curve. (See 
Section 9.7). 
Terminate analysis; 
Correct the problem; 
Recahbrate and rerun aU 
samples not bracketed by 
acceptable CCV or 
reprep with cahbration 
curve. (See Section 9.8). 
Terminate analysis; 
Correct the problem; 
Recahbrate and rerun all 
samples not bracketed by 
acceptable CCB or reprep 
with calibration curve. 
(See Section 9.8). 
Redigest and reanalyze 
samples. 

Note exceptions under 
criteria section. 

See Section 9.4 for 
additional requirements. 

*See Sections 11.2.11 and 11.2.12 for exact run sequence to be followed. 
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TABLE n . Summary of Quah'ty Control Requirements (Continued) 
QC PARAMETER 

Laboratory Control 
Sample (LCS) 

Matrix Spike 

Matrix Spike 
Duphcale 

FREQUENCY 

One per sample 
preparation batch of 
up lo 20 samples. 

One per sample 
preparation batch of 
up lo 20 samples. 

See Matrix Spike 

ACCEPTANCE CRITERL\ 

Aqueous LCS must be within 
80 -120% recovery or in-
house control hmils. 

75-125 % recovery or in-
house control limits. If the 
MS/MSD is out for an 
analyte, it must be in control 
in the LCS. 

75-125 % recovery or in-
house control limits; RPD < 
20%. (See MS) 

CORRECTIVE 
ACTION 
Terminate analysis; 
Correct the problem; 
Redigest and reanalyze 
aU samples associated 
with the LCS (see 
Section 9.5). 
In the absence of chenl 
specific requirements, 
flag the data; no flag 
required if the sample 
level is > 4x the spike 
added, (see Section 
9.6) 

For TCLP see Section 
11.2.13 
See Corrective Action 
for Matrix Spike. 

m 
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APPENDIX B 
EXAMPLE 

STL NORTH CANTON Hg DATA REVIEW CHECKLIST 
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Example 
STL North Canton Hg Data Review Checklist 

Run/Proiect Information 

Run Date: Analyst : Ins t rument : 

Prep Batches Run: 

Circle Methods used: 

Review Items 

7470A / 245.1 : CORP-MT-0005 Rev] 7471/245.5 : CORP-MT-0007 Rev ] 
CLP-AQ : CORP-MT-0006 Rev 0 CLP - SOL : CORP-MT-0008 Rev 0 

A . Cal ibrat io i i / I i is tn imientRunOC ;C; ; - ; ;̂  i v ^r V ' 
1. Instrument calibrated per manufacturer's instructions and at SOP 

specified levels? 

2. ICV/CCV analyzed at appropriate frequency and within control limits? 

3. ICB/CCB analyzed at appropriate frequency and within +/- RL or +/- CRDL 
(CLP)? 

4. CRA run (CLP only)? 

B.. Sample Rfesults\ '•:.^-:^1l--%:^3://r •':•:•-, • .v,-

1. Were samples with concentrations > the high calibration standard diluted 
and reanalyzed? 

2. A l l reported results bracketed bv in control ( ) C t 

3. Sample analyses done >^ithin holding time? 

C.̂  Preparation/MatrixOCv. .y:^. ^::.-''^, : ' •'::'•<•'-.• ' ; £ : / ' , 

1. LCS done per prep batch and within QC limits? 

2. Method blank done per prep batch and < RL or CRDL (CLP)? 

3. MS run at required frequency and within limits? 

4. MSD or DU run at required frequency and RPD wi th in SOP limits? 

•^D. Other ; - ' ^ ^ S ' - - ' '3 t -^ iJP ' : ' " ' / ^ •:•.:•:•:• f i K ' ^ : <-,MtW • ' : „ , 

1. .Are all nonconformances documented appropriately? 

2. Current m L / M D L data on file? 

3. Calculations and Transcriptions checked for error? 

4. .All client/ project specific requirements met? 

5. Date of analysis verif ied as correct? 

Ana lys t : Date: 

Comments: 

Yes 

•• • ^ ' i ' : -

N o " • 

.':£ {;;;.. ^ 

•' .r*- '^ r " • • 

,:N/A- ,.• 

.;.; • f V.'^ 

^ , r . i - • • •'•• 

• , ^ J ; ' • -

IndLevel 

' f i : - '0. . •• .•• 

• • • • 

: • ' • : > • 

2nd Leyel Reviewer : Date: 

# 
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APPENDIX C 

MSA GUIDANCE 
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APPENDIX C. MSA GUIDANCE 

Method of Standard Addition 

Four equal volume aliquots of sample are measured and known amounts of standards are added to three 
ahquols. The fourth ahquot is the unknown and no standard is added lo it. The concentration of standard 
added to the first aliquot should be 50% of the expected concentration. The concentration of standard 
added lo the second aliquot should be 100% of the expected concentration and the concentration of 
standard added to the third aliquot should be 150% of the expected concentration. The volume of the 
unspiked and spiked ahquots should be the same (i.e., the volume of the spike added should be neghgible in 
relation lo the volume of sample). 

To determine the concentration of analyle in the sample, the absorbance (or response) of each solution is 
determined and a linear regression performed. On the vertical axis the absorbance (or response) is plotted 
versus the concentrations of the standards on the horizontal axis using 0 as the concentration of the unspiked 
ahquot. An example plot is shown in Figure 1. When the resulting hne is extrapolated back to zero 
absorbance, the point of interception of the horizontal axis is the concentration of the unknown. Calculate 
the correlation coefficient (r) and the x-intercepl (where y=0) of the curve. The concentration in the 
digestate is equal to the negative x-intercept. 

% 

Figure 1 

Concentration 

Cone, of 
Sample 

AddnO 
No Addn 

Addn 1 Addn 2 Addn 3 
Addn of 50% AddnonOO% Addn of 150% 
of Expected of Expected of Expected 
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• For the method of standard additions to be correctly apphed, the following limitations must be taken into 
consideration. 

• The plot of the sample and standards must be linear over the concentration range of concern. For best 
results, the slope of the curve should be similar to that of a plot of the aqueous standard curve. 

• The efifect of the interference should not vary as the ratio of the standard added to the sample matrix 
changes. 
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APPENDIX D 

TROUBLESHOOTING GUIDE 
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APPENT)IX D. TROUBLESHOOTING GUIDE 

Problem 

Poor or No Absorbance or 
Sensitivity Check failed 

1 Erratic Readings 

EDL Won't Light 

1 Standards reading twice or half 
normal absorbance or concentration 

Background Correction Light Blinking | 

Possible Cause 

Incorrect wavelength 
Dirty windows 
Window loose 
Etched or dirty optics 
Wrong lamp 
Bad lamp 
Not enough or no sample introduced 
Empty sample cup 
Incorrectly made standards 
Gas leak 
EDL power supply set on "Continuous" 
Source lamp not aligned properly 
Lamp not prewarmed 
Injection tip partially clogged 
Contaminated reagents 
Contaminated glassware 
Drying tube saturated 
Bad lamp 
Injection tip hitting outside of tube 
Injecrion tip coated or not set properly 
Leak in sample tubing 
Power fluctuations 
Air bubbles in tubing 
Lamp cable not plugged in 
Lamp power set at 0 
Lamp is dead 
Power supply ftise is blown 
Short in cord 
Incorrect standard used 
Inconect dilution performed 
Dirty cell 

Background screen or attenuator faulty | 
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APPENDIX E 

CONT.AJSIINATION CONTROL GUIDELEVES # 

% 



PREPARATION AND ANALYSIS OF MERCURY IN AQUEOUS SOP No. CORP-MT-0005NC 
SAMPLES BY COLD VAPOR ATOMIC ABSORPTION, SW-846 Revision No. 1 2 
METHOD 7470A AND MCAWW METHOD 245.1 Revision Dale: 02/05/01 
APPENDIX E - CONTAMINATION CONTROL GUIDELINES Page 38 of 43 

APPENDIX E. CONTAMINATION CONTROL GUIDELINES 

The foUowng procedures are strongly recommended to prevent contamination: 

All work areas used to prepare standards and spikes should be cleaned before and after 
each use. 

AU glassware should be washed with detergent and tap water and rinsed with 1:1 nitric acid 
foUowed by deionized water. 

Proper laboratory housekeeping is essential in the reduction of contamination in the metals 
laboratory. All work areas must be kept scrupulously clean. 

Powdered or Latex Gloves must not be used in the metals laboratory since the powder 
contains silica and zinc, as well as other metaUic analytes. Only vinyl or rutrile gloves should 
be used in the metals laboratory. 

Glassware should be periodically checked for cracks and etches and discarded if found. 
Etched glassware can cause cross contamination of any metaUic analytes. 

Autosampler trays should be covered to reduce the possibihty of contamination. Trace 
levels of elements being analyzed in the samples can be easily contaminated by dust particles 
in the laboratory. 

The followng are helpful hints in the identification of the source of contaminants: 

Reagents or standards can contain contaminants or be contaminated with the improper use 
of a pipette. 

Improper cleaning of glassware can cause contamination. 

Separate glassware if an unusually high sample is analyzed and soak with sulfuric acid prior 
lo routine cleaning. 
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APPENDIX F 

PREVENTIVE MAINTENANCE 
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APPENDIX F. PREVENTIVE MAINTENANCE 

A maintenance log is used to record when maintenance is performed on instruments. When an instrument 
problem occurs indicate the date, time and instrument number, then identify the problem and corrective 
action in the maintenance log. 

The followng procedures are required to ensure that that the instrument is fuUy operati'onal. 

Cold V 

Daily 

Clean lens. 

Check aperture. 

Check arpon flow. 

Check tubinp. 

Check drain. 

1 Replace drying tube. 

apor Atomic Absorption (Leeman PS 200) *'' 

Semi-annually 

Check Hg lamp intensity. 

• 

Annually 

Change Hg lamp. 

Check liquid/gas separator. 

Cold Vapor Atomic Absorption (PE 5000)̂ '̂  

Daily 

Clean aspirator by flushmg with DI water. 

Check tubing and replace if needed 

Clean windows with methanol. 

Change silica gel in drying tube 

Check argon gas supply. 

1 Adjust lamp. 

1 
Monthly 

Clean cell in aqua regia. 

Clean aspirator in aqua regia. 
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APPENDIX G 

INSTRUMENT SET UP 

J 

% 
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Hg Analysis (Leeman PS200II) 

SYSTEM INITIALIZATION AJSD WARM UP 

1. Fl Menu 

2. Instrument 

a. TASKMASTER 

b. #4 Wake System Up Enter 

The warming up period takes approximately 10 minutes. 

TO SET UP INSTRUMENT FOR ANALYSIS 

1. Fl Menu 

2. Autosampler 

A. Rack Entry 

B. Edit (ex. Rack 1), Enter 

C. Cup ID - Enter (clears sample #'s) 

D. Extended ID- type in matrix of sample (waler or sohd), Enter. 

E. Press Insert Key and move cursor with arrows to cup ID and begin 

typing labels. 

F. F3 Print Screen 

3. Press F2 Macro key and type in analyst's first name - Enter 

A. Enter folder name-ex. HG0306, Enter. If folder does not exist, 

type Y - Enter. 

B. Type in - "Rack 1", "Rack 2" etc., Enter. 
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C. Type in : FROM CUP TO CUP 

Ex. = 1 30 

Do die same for position 2 if needed. If not needed, you must 

press Enter 3 times to begin analysis. 

# 

m 
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1. SCOPE AND APPLICATION 

1.1, This method is applicable to the determination of Total, Amenable, and Free Cyanide in solids, 
liquids, and waters. It is based on CLP ILM03.3, CLP 1LM04.0, SW 846 Method 9012A, EPA 
335.1, 335.2,335.4, Standard Method 4500-CN-I and ASTM D 4282-83. The working linear 
range is 0.005 - 0.1 mg/L for waters and 0.25 to 5 mg/kg for solids. 

1.2, The associated method codes are CLP ILM03.0 (DV), CLP ILM04.0 (OU), SW846 
Method 9012A (QP), ASTM D4282-83, EPA 335.1 and 335.2 (CG), EPA 335.4 (02) , and 
Standard Method 4500-(IN-E (A4). 

1.3, This docuiTient accurately reflects current laboratory standard operating procedures (SOP) as of 
the date above. .All facility SOPs are maintained and updated as necessary by the laboratory QA 
department. 

2. SUMMARY OF METHOD 

2.1. The Cyanide, as HCN, is released by distilling/refluxing the sample with strong acid and is trapped 
in a sodium hydroxide solution. 

3. DEFINITIONS 

3.1. Refer to the glossary in the Laboratory Quality Manual (LQM), latest version. 

4. INTERFERENCES 

4.1. Method interferences may be caused by contaminants in solvents, reagents, glassware, and other 
processing apparatus that lead to discrete artifacts. All of these materials must be routinely 
demonstrated to be free from interferences under conditions of the analysis by running laboratory 
method blanks as described in tlie Quality Control section. Specific selection of reagents may be 
required to avoid introduction of contaminants. 

4.2. Oxyidiztng agents such as chlorine will decompose most cyanides. Sulfide will distill over with 
the cyanide and could affect colorimetric, titrimetirc, and electrode procedures. Refer to the 
preparation section on how to screen and treat samples appropriately. 

4.3. Aldehydes conven cjanide to cyanohydrin which could result in the lost of cyanide. If tlie 
presence of aldehydes are suspected, stabilize the sample with NaOH at the lime of collection and 
add 2 mL 3.5% ethylenediamine solution per 100 mL of sample. 

4.4. ^ t fe r to Slajjdard Meihods ior fivlher infouDsiion on possible inlerfereDces and associated 
treatments. 
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5. SAFETY 

5.1. Procedures shall be carried out in a manner that protects the health and safety of all STL 
associates. 

5.2. Eye protection that satisfies ANSI Z87.1 (per the Chemical Hygiene Plan), laboratory coat, and 
appropriate gloves must be worn while samples, standards, solvents, and reagents are being 
handled. Disposable gloves that have been contaminated will be removed and discarded; other 
gloves will be cleaned immediately. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have not been fully 
defined. Additional health and safety' information can be obtained from the Material Safety Data 
Sheets (MSDS) maintained in the laboratory'. The following specific hazards are known: 

5.3.1. The following are known to be corrosive: sulfamic acid, sodium hydroxide, sulfuric 
acid, acetic acid. 

5.3.2. Cyanide is a highly toxic compound that must be handled with care. The analyst must be 
aware of the handling and clean-up techniques before using this material. 

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore, unless 
they are known to be non-hazardous, all samples must be opened, transferred and prepared in a 
fume hood, or under other means of mechanical ventilation. Solvent and waste containers will be 
kept closed unless transfers are being made. 

5.5. The preparation of standards and reagents will be conducted in a fume hood with the sash closed 
as far as the operation will permit. 

5.6. All work must be stopped in the event of a known or potential compromise to the health and safety 
of a STL associate. The situation must be reported immediately to a laboratory supervisor. 

6. EQUIPMENT AND SUPPLIES 

6. ] . Cyanide Distillation Apparatus 

6.2. .Analytical balance, capable of accurately weighing ± 0.0001 g 

6.3. Vacuum pump 

6.4. Graduated cylinders: various 

m 

m 
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6.5. Volumetric flasks: various 

6.6. Volumetric pipets: various 

6.7. Balance: Top loading, capable of accurately weighing ± 0.01 g 

6.8. Lead Acetate Indicator Paper 

6.9. Potassium Iodide (KI) Indicator Paper 

6.10. Erienmeyer flasks: various 

6.11. Buret: Class A 10 mL 

6.12. pH suips 

6.13. Boiling stones or chips 

6.14. Beakers: various 

6.15. Snap seal containers: 120 mL 

6.16. Plastic bonles with lids: 250mLor500mL 

REAGENTS AND STANDARDS 

7.1. Reagents 

7.1.1. Sulfamic Acid: reagent grade (not used for CLP ILM03.0) 

7.1.2. Sulfamic Acid Solution: Add 100 g of sulfamic acid to 800 mL reagent water and dilute 
to ] liter with reagent water (not used for CLP ILM03.0) 

7.1.3. Ascorbic Acid: reagent grade 

7.1.4. Sodium Hydroxide: (NaOH), high purity grade. 

7.1.5. Sodium Hydroxide, 1.25 N: Add 50 g of NaOH to 900 mL and dilute to 1 liter with 
reagent water. 

7.1.6. Sodium Hydroxide, 0.25 N: Add 10 g of to 900 mL reagent water and dilute to 1 liter 
with reagent water. 
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7.1.7. Sulfuric Acid: (H2SO4), concentrated 
7.1.8. Acetic Acid Solution: Add 10 mL of glacial acetic acid to 90 mL of reagent water. 

7.1.9. Magnesium Chloride: (MgCl2»6H20), reagent grade 

7.1.10. Magnesium Chloride Solution: Add 510 gMgCl2»6H20 to 500 mL reagent water and 
dilute to 1 liter with reagent water. 

7.1.11. Calcium Hypochlorite: [Ca (OC 1)2], reagent grade 

7.1.12. Calcium Hypochlorite Solution: Add 5 g of Ca(0Cl)2 to 100 mL of reagent water. 

7.1.13. Methyl Red Indicator: Add 0.05 g of methyl red to 50 mL of glacial acetic acid and 
dilute to 100 mL with reagent water. 

7.1.14. Methyl red reagent grade glacial 

7.1.15. Acetic Acid: (CH3COOH), glacial reagent grade 

7.1.16. Zinc Acetate: [Zn(C2H302)], reagent grade 

7.1.17. Zinc Acetate Solution: Add 100 g zinc acetate to 800 mL reagent water and dilute to 1 
liter with reagent water. 

7.1.1 8. Sodium Acetate: [NaC2H302»3H20] reagent grade 

7.1.19. Sodium Acetate Buffer: Add 410 g of sodium acetate to 500 mL of reagent water. Adjust 
the pH to 4.5 using glacial acetic acid and dilute to 1 liter with reagent water. 

7.1.20. Rhodanine: reagent grade 

7.1.21. 0.0192 N Silver Nitrate: reagent grade 

7.1.22. Bismuth nitrate [Bi(N03)3]: Dissolve 30 g of Bi(N03)3 in 100 mL of reagent water. 
While stirring, add 250 mL of glacial acetic acid. Stir until dissolved. Dilute to 1 L with 
reagent water. 

7.1.23. Cadmium chloride [CdCb] - anhydrous : Dissolve 1.0 g CdCl2 in 90 mL of reagent 
water. Dilute to 100 mL with reagent water to produce a 10 g/L CdCl2 solution. 

7.2. Standards 

J 

% 
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7.2.1. Secondary Source Cyanide Stock Standard, 1000 mg/L: Add 2.51 g of potassium 
ferricyanide (KCN) and 2.0 g of potassium hydroxide (KOH) to a 1000 mL volumetric 
flask and dilute to volume with reagent water. Mix well. Prepare fresh every 1-3 
months. 

7.2.2. Note: Cyanide slock standard must be standardized prior to use (See Section 7.3) 
Working Standards: Add the required amounts of 1.25 N NaOH and cyanide standards to 
volumetric flasks according to the suggested chart. Dilute to volume using reagent water. 
See chart below: 

Working Standards 

Volume 1.25 N 
NaOH (mL) 

20 

20 

20 

Std Volume 
(mL) 

10 

10 

10 

Std Cone. 
(mg/L) 

1000 

100 

10 

Final Volume 
(mL) 

100 

100 

100 

Final Cone. 
(mg/L) 

100 

10 

1 

Expiration Time 
(Days) 

14 

7 

1 

7.3. Cyanide Standardization 

7.3.2. Using a volumetric pipet, aliquot 10.0 mL of ihe 1000 ppm stock cyanide standard 
into an Erienmeyer flask and add 90 mL of reagent water. 

7.3.3. Add 10 drops of Rhodanine indicator. 

7.3.4. Titrate with 0.0192 N Silver nitrate until the color changes from yellow to 
pink/orange. 

7.3.5. Calculation: 



CYANIDE PREPARATION SOP No.: NC-WC-0032 
METHOD Revision No.: 8.2 

Revision Date: 05/31/01 ^ j ^ 
Page 8 of 21 

(A) (1000) 

Cyanide, mg/L = " ' ^ cyanide solution (10) 

% 

m i ere: A = mL Titrantfor standard 

7.3.6. If the cyanide concentration is not 1000 ppm, adjust concentration accordingly. 

8. SAMPLE PRESERVATION AND STORAGE 

8.1. Solid and liquid samples are not chemically preserved. Water samples are preserved with NaOH 
to a pH>12. All samples are stored at 4° C ± 2°C in plastic or glass containers. 

8.2. The holding time is fourteen days from sampling to analysis. 

NOTE: CLP samples holding time is twelve days from receipt to analysis. 

9. QUALTIY CONTROL 

9.1. Batch Definition 

9.1.1. A batch is a group of no greater than 20 samples excluding QC samples (LCS, 
Method Blank, MS, MSD) which are processed similarly, with respect to the 
procedure. All sample setups must be initiated within a 24 hour period from the 
initial preparation or extraction and without interruption of the process. All 
samples within the batch must be treated with the same lots of reagents and the 
same process. 

9.2. Method Blank (MB) 

9.2.1. One method blank (MB) must be processed with each preparation batch. The method 
blank consists of reagent water containing all reagents specific to the method that is 
carried through the entire analytical procedure, including preparation and analysis. The 
method blank is used to identif)' any system and process interferences or contamination of 
the analytical system that may lead to the reporting of elevated analyte concentrations or 
false positive data. The method blank should not contain any analyte of interest at or 
above the reporting limit. 

9.2.2. A blank consisting of 50 mL reagent water must be prepared and distilled (or diffused, 3 ^ ^ 
mL) with each analytical batch of samples. ^ H ^ 
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9.2.3. Corrective Action for Blanks 

9.2.3.1. If the analyte level in the method blank exceeds the reporting limit for the analytes 
of interest in the sample, all associated samples are reprepared and reanalyzed. If 
this is not possible due to limhed sample quantity or other considerations, the 
corresponding sample data must be addressed in the project narrative. 

9.2.3.2. If there is no analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. Such 
action must be taken in consultation with the client and must be addressed in 
the project narrative. 

9.3. Laboratory Control Sample (LCS) 

9.3.1. One LCS must be processed with each preparation batch. The LCS must be carried 
through the entire analytical procedure. The LCS is used to monitor the accuracy of the 
anal)tical process. On-going monitoring of the LCS resuhs provides evidence that the 
laboratory is perfonnLng the method within acceptable accuracy and precision guidelines. 

9.3.2. A midrange LCS consisting of 2.0 mL of the 1.0 mg/L standard (secondary source) 
brought to a final volume of 50 mL must be distilled with each analytical batch of 
samples. 

9.3.3. Corrective .Action for Laboratory Control Samples 

9.3.3.1.If any analyte is outside established control limits the system is out of 
control and corrective action must occur. 

9.3.3.2.Corrective action will be repreparation and reanalysis of the batch unless 
the client agrees that other corrective action is acceptable. 

9.4. Matrix Spike/Matrix Spike Duplicate (MS/>'1SD) 

9.4.1. One MS/MSD pair must be processed for each batch. A matrix spike (MS) is a field 
sample to which known concentrations of target analytes have been added. A matrix 
spike duplicate (MSD) is a second aliquot of the same sample (spiked identically as the 
MS) prepared and analyzed along with the sample and matrix spike. Some client specific 
data quality objectives (DQO's) may require the use of sample duplicates in place of or in 
addition to MS/MSD's. The MS/MSD results are used lo determine the effect of a matrix 
on the precision and accuracy of the analytical process. Due to the potential variability of 
the matrix of each sample, these results may have immediate bearing only on the specific 
sample spiked. Samples identified as field blanks cannot be used for MS/MSD analysis. 
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9.4.2. A MS/MSD consisting of 50 mL or 1.0 g of sample brought uplo 50 mL with reagent 
water and 2.0 mL of the 1.0 mg/L standard (either source) must be distilled with each 
analytical batch of samples. 

9.4.2.1. Note: MS for CLP samples require 5 mL of 1.0 mg/1 standard (true lOOug/L) 

9.4.3. Corrective action for MS/NdSDs 

9.4.3.1. If the ana]>le recovery or RPD falls outside the accepiance range, the 
recovery of that analyte must be in control for the LCS. If the LCS 
recovery is within limits, then the laboratory operation is in control and the 
results may be accepted. If the recovery of the LCS is outside limits, 
corrective action must be taken. Corrective action will include 
repreparation and reanalysis of the batch. 

9.4.3.2.If the native analjte concentration in the MS/N'ISD exceeds 4x the spike 
level for that analyle, the recovery data reported as DIL (diluted out). 

9.4.3.3.If an MS/NdSD is not possible due to limited sample volume then a 
laborator)' control sample duplicate (LCSD) should be analyzed. The RPD 
of the LCS and LCSD must be compared to the matrix spike RPD limits. 

9.5 Control Limits 

9.5.1 Control limits are established by the laborator>' as described in SOP, NC-QA-OOl 8. 

9.5.2 Laboratory control limits are internally generated and updated periodically imless 
method specified. Control limits are listed in the Laboratory Quality Manual 
(LQM) and the latest is version easily accessible via the LIMs (QC Browser 
program). 

9.6 Method Detection Limits (MDLs) and MDL Checks 

9.6.1 MDLs and MDL Checks are established by the laboratory as described in SOP, 
NC-QA-0021. 

9.6.2 MDLs are listed in the Laboratory Quality Manual (LQM) and the latest version is 
easily accessible via the LIMs (QC Browser program). 

% 

J 
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9.7 Nonconformance and Corrective Action 

9.7.1 Any deviations from QC procedures must be documented as a nonconformance, 
with applicable cause and corrective action approved by the facility QA Manager/ 

10. CALIBRATION AND STANDARDIZATION 

10.1. For all non-CLP methods, a low and high standard are distilled from the same source as the 
calibration curve each day. Prepare the low standard (0.025 mg/L) by diluting 0.125 mL of 10.0 
mg/L standard with reagent water to a final volume of 50 mL. Prepare the high standard (0.075 
mg/L) by diluting 0.375 mL of a 10.0 mg/L standard with reagent waler to a final volume of 
50mL. Method 9012A recommends that the distilled standards (a high and a low) be compared to 
the cur\"e with a ±10% agreement with the undistilled standards. The distilled standards are 
evaluated against all applicable batch QC. 

IL PROCEDURE 

11.1. One time procedural variations are allowed only if deemed necessary in the professional 
judgment of supervision to accommodate variation in sample matrix, radioactivity, 
chemisuy, sample size, or other parameters. Any variation in procedure shall be 
completely documented using a Nonconformance Memo and is approved by a Technical 
Specialist and QA Manager. If contractually required, the client shall be notified. The 
Nonconformance Memo shall be filed in the project file. 

11.2. Any tmauthorized deviations fi^ora this procedure must also be documented as a 
nonconformance, with a cause and corrective action described 

11.3 Summary 

11.3.1. For all non-CLP methods, the sample is distilled/refluxed under acidic conditions for one 
hour. For CLP and EPA 335.4 methods, the samples are distilled for one and a half hours. 
The released HCN is trapped in 0.25 N NaOH solution. 

11.4. Sample Preparation Procedure applicable for use with the Midi distillation unit 

11.4.1. Checking for Interferences (For non-CLP samples) 

11.4.1.1. Using pH paper strips, check the pH of the sarnple and record it as >12 or 
<]2 on the analjticaJ logsheet. If pH is <]2, the deviation must be addressed in 
the project narrative. 
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11.4.1.2.For ALL samples (non-CLP and CLP samples): Test each sample for the 
presence of sulfides using lead acetate paper. If sulfides are present, treat 
the sample with powdered cadmium carbonate. Yellow cadmium sulfide 
precipitates if the sample contains sulfide. Repeal this operation until a 
drop of the treated sample solution does not darken the lead acetate test 
paper. Filler the solution. Avoid a large excess of cadmium carbonate and 
long contact time in order to minimize loss by complexation or occlusion of 
cyanide on the precipitated material. 

11.4.2. Complex Cyam'de Preparation Procedure [THIS PROCESS IS PERFORMED ONLY 
WHEN REQUESTED BY THE CLIENT]: Add 100 mL of water sample or 2.0 g of solid 
sample and 100 mL reagent water to a plastic, scalable container. Add 10 g NaOH pellets. 
Mix or rumble for 12-16 hours. Allow solids to senle out. Transfer 50 mL of the solution 
to the distillation rube. Distill sample (See section 11.2.4.1). 

Note: If the sample requires an MS/MSD or MS/Dup, double or triple the 
volumes as stated above. A blank and LCS should be prepared and analyzed with 
samples using 10 g NaOH and 100 mL reagent water. 

11.4.3. Amenable Cyanide (Chlorinated Aliquot) [THIS PROCESS IS PERFORMED ONLY 
WHEN REQUESTED BY THE CLIENT] 

11.4.3.1.Place 50 mL (waters) or 1.0 g (soUds/liquids) into a beaker. Add 50mLof 
reagent water to non-waters. Place the beaker on a stir plate and begin mixing. 
Test the pH of the solution, if less than 12 add 1.25 N NaOH, drop by drop until 
pH ^12. Drop by drop, add calcimn hypochlorite until an excess of chlorine is 
reached. Test for chlorine excess using Kl paper. Allow the sample to chlorinate 
for one hour. At the end of the chlorination period, add about 0.1 to 0.5 g of 
ascorbic acid to destroy excess chlorine. Test using Kl paper. Keep the addition 
of ascorbic acid to a mim'mum. Pour the sample into a distillation flask and 
follow the total cyanide preparation method (Section 11.2.4). Also set up an 
unchlorinated aliquot of sample (50 mL or 1.0 g) following the total cyanide 
method. 

11.4.4. Total Cyanide 

11.4.4.1. Add 50 mL or 1.0 g of the sample and 2 - 3 boiling chips to the distillation tube. 
Bring all volumes lo 50 mL with reagent water. Add 50 mL of 0.25 N NaOH 
solution to the absorber lube and assemble the scrubber. Assemble the cyanide 
distillation apparatus. 

J 

« 
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NOTE: If solid samples are being prepared under the Michigan program, 

the initial solid weight is 2.5 g 

11.4.4.2.Turn on the cooling water to "60". Turn on the vacuum source and adjust tlie 
flow such that even stream of air bubbles are in the scrubber tube approximately 
V4 " of foam or 1-2 bubbles per second. At this time add any spiking solutions to 
the LCS or MS/MSDs samples directly into the inlet tube. 

11.4.4.3.In the order staled, add 2.0 mL sulfamic acid solution (not for CLP 1LM03.0 
samples), 2.5 mL of concentrated sulfuric acid and 2.0 mL of magnesium chloride 
solution to the distillation tube. Be sure to rinse the inlet lube sparingly with 
reagent water between and after reagent additions. 

Note: Complex cyanide samples require an additional 2.5 mL of sulfuric 
acid. Be sure the pH is < 2. 

11.4.4.4.Flip the healer switch lo "on" and turn the dial to an appropriate setting 
(according to manufacturer's instructions) to allow the apparatus to warm up. Be 
sure to adjust the air flow and water as necessary. Heat for one hour. After the 
heating period, the heater will turn off automatically. Allow to cool for fifteen 
minutes. Keep the vacuum and cooling water on. 

NOTE: For CLP, heat samples for one and a half hours. 

11.4.4.5.Disconnect the absorber. Pour solution into a 120 mL snap seal container. Do 
not rinse the scrubber tube or dilute NaOH in the snap seal. Be sure lo properly 
label the bottles "total" or "amenable" along with sample ID, position and date. 

11.4.5. Free Cyanide (Weak and Dissociable) [THIS PROCESS IS PERFORMED ONT.Y WHEN 
REQUESTED BY THE CLIENTI 

11.4.5.1.Add 50 mL or 1.0 g of sample to the distillation tube. Bring all volumes up to 50 
mL with reagent water. Add 50 mL of 0.25 N NaOH to the absorber tube and 
assemble. 

11.4.5.2. Turn on cooling water to "60". Turn on the vacuum source. Add any spiking 
standards to the appropriate LCS or MS/MSDs at this time. Through the inlet 
tube, add 1.0 mL of sodium acetate buffer, 1.0 mL of zinc acetate, and 0.25 mL of 
methyl red indicator. Rinse the inlet tube sparingly with reagent water between 
and after reagent additions. If the sample is not red, carefully add 1:9 acetic acid 
dropwise until the sample does turn red. 

11.4.5.3.Flip on the healer switch and turn the dial to "10.5" (This allows tbe apparatus to 
warm up). Adjust the air flow and water as needed. Heal for 1 hour. After the 
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healing period, the heater will shut off automatically. Allow the sample to cool 
for fifteen minutes with the air and water on. 

11.4.5.4. Pour the scrubber contents into a 120 mL snap seal bottle. Do not rinse the 
scrubber. Label the bottle well and be sure to denote that it is a "free" sample 
distillate. 

11.4.6 Cyanide Unit Clean-up 

11.4.6.1 Cyanide distillation unit glassware is very fragile and expensive. It must 
be handled with care at all times. 

11.4.6.2Disassemble each set-up and rinse the sample down the drain with large 
amounts of water. Be sure to collect the solids in a screen and dispose of 
properly. 

11.4.6.3Wash each set-up with soap and hot waler, and then rinse with 1:1 HCl. 
Rinse several times with reagent water. * •After preparing samples foimd to 
be extremely high in cyanide, a subsequent rinse with 1 .ON NaOH, 
followed by further rinsing with reagent water can help rinse away any J 
residual cyanide. 

11.4.6.4Re-assemble the sel-up. 

11.4.6.5Be sure lo wash each set up as a separate unit and replace in the same 
position. 

11.4.6.61f a sample of known high cyanide concentration was distilled in a certain 
position, be sure to change the appropriate tubing on that position. 

11.5 Analj'tical Documentation 

11.5.1 Record all analytical information in the analytical logbook/logsheet, including the 
analytical data from standards, blanks. LCSs, MS/MSDs, and any corrective actions or 
modifications to the method. 

11.5.2 All standards are logged into a department standard logbook. All standards are assigned 
an unique number for identification. Logbooks are reviewed by the supervisor or 
designee. 

J 
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11.5.3 Documentation such as all associated instrument printouts (final runs, screens, reruns, QC 
samples, etc.) and daily calibration data corresponding to all final runs is available for 
each data file. 

11.5.4 Sample results and associated QC are entered into the LIMs after final technical review. 

12. DATA AN.ALYSIS AND CALCULATIONS 

12.1. Not applicable 

13. METHOD PERFORM.\NCE 

13.1. Each laboratory must have initial demonstration of performance data on file and corresponding 
method detection limit files. 

13.2. Training Qualificaiions: 

13.2.1. The group/team leader has the responsibility'to ensure that this procedure is performed by 
an associate who has been properly trained in its use and has the required experience. 

13.2.2. Method validation information (where applicable) in the form of laboratory 
demonstrations of capabilities is maintained for this method in the laboratory QA 
files 

14. POLLUTION PREVENTION 

14.1. Using a Midi Cyanide distillation unit saves lime and requires less sample and reagents for use. 

15. WASTE MANAGEMENT 

15.1. Acid waste must be collected in clearly labeled acid waste cans. 

15.2. Solid waste materials (soil, gloves, soiled paper products, etc.) are placed in tlie solid debris 
container. Do not put liquids in the solid waste container. 

15.3. Refer to the Laboratory Sample and Waste Disposal plan 

15.4. Laboratory persoimel assigned to perform hazardous waste disposal procedures must have 
a working knowledge of the established procedures and practices of STL. They must have 
training on the hazardous waste disposal practices upon initial assignment to these tasks, 
followed by an annual refresher training. 
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16. REFERENCES 

16.1. References. 

16.1.1. SW846, Test MeUiods for Evaluating Solid Waste, Third Edition, Total and Amenable 
Cyanide, Automated UV; Mediod 9012A. 

] 6.1.2. EPA 600; Cyanide, Total and Cyam'de, Amenable to Chlorination; Methods 335.1 and 
335.2 

16.1.3. Standard Methods for the Examination of Water and Wastewater, Eighteenth Edition; 
Weak and Dissociable Cyanide; Method 4500-CN-I 

] 6.1.4. Standard Methods for the Examination of Water and Wastewater, Eighteenth Edition; 
Complex Cyanide; Method 4500-CN-E 

16.1.5. USEPA CLP SOW 1LM03.0 Section D-Cyanide Midi Distillation 

] 6.1.6. Corporate Quality Management Plan (QMP), current version 

16.1.7. STL Laboratory Quality Adanual (LQM), current version 

16.2. Associated SOPs and Policies, latest version 

16.2.1. QA Policy, QA-003 

16.2.2 Glassware Washing, NC-QA-0014 

16.2.3 Statistical Evaluation of Data and Development of Control Charts, NC-QA-0018 

16.2.4 Method Detection Limiis and Instrument Detection Limits, NC-QA-0021 

16.2.5 Navy/Army SOP, NC-QA-0016 

16.2.6 Cyanide, Automated Method NC-\VC-0031 

17. MlSCELLAJVEOUS (TABLES, APPEND!CES, ETC..) 

17.1. BASF RFI Requirements 

% 
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17.1.1. Amendments to this SOP to satisfy BASF RCRA Facility Investigation (RFI) 
requirements are based on comments from US EPA upon review of site requirements and 
laboratory procedures. 

17.1.2. Amendment to the preparation of all samples 

17.1.2.1. Section 7.2.1: Change 2.51 g of potassium cyanide lo 2.11 g potassium 
ferricyam"de. 

17.1.2.2. Section 9.4: The matrix spike/duplicate frequency has been increased 
from one per batch to one per 7 samples. Consult with the project manger for 
specific samples lo be spiked. The goal is to spike each sampling area at the site 
at least once. 

17.1.3. Amendment to the preparation of Prussian blue area samples 

17.1.3.1. Section 7.1.22: Sodium thiocyanate (reagent grade): Prepare a spiking 
solution at a concentration lOOX greater than the measured cyanide for the 
appropriate Prussian blue area samples. 

i. 17.1.3.2. Section 9.5: Three Prussian blue area samples will be spiked with 1 mL 
of the sodium thiocyanate solution (Section 17.1.3.1) in order to assess the 
potential impact of thiocyanate in the original samples on the measured cyanide 
concentration. These matrix spikes do not replace the cyanide matrix spikes 
mentioned above (Section 17.1.2.2). The increase (if any) in measured cyanide 
concentration relative to the original sample shall be reported as "percentage 
increase" using the following equation: 

_ Conc..rn „,t, — Conc ,̂̂ „it.H 
%CN^^^^^ = ^S!LE!ti "J!fP!^ y j o o 

Conc^^a^ed 
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where 

Conc^cs^spu^ 
= cyanide conceniraiion measured in the thiocyanate 

spiked sample 

Conc^^i^j 
= cyanide concentration measured in the unspiked sample 

Note: Section 11.3.2.1 of NC-WC-0031 addresses sulfide testing and 
precipitation. 

17.2. Method Deviation (9012A, 335.1, 335.2) 

17.2.1. The reflux distillation apparatus used is the midi distillation. 

17.2.2. TTie volume of sample used is reduced to 50 mL vs. 500 mL using the midi- J 
distillation apparatus. 

17.2.3. Method of Standard Addition is not performed for samples with matrix 
interference (sulfides). 

# 
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APPENDIX A 

APPENDIX A 

Cyanide Distillation Form 

(Example) 
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1. SCOPE AND APPLICATION 

1.1. This method is applicable to the determination of Total, Amenable, and Free Inorganic 
Cyanide in solids, liquids, and waters. It is based on CLP ILM03.0, CLP ILM04.0, 
SW846 Method 9012A, 335.2, 335.4 and Standard Method 4500-CN-E. The working 
linear range is 0.005 - 0.1 mg/L for waters and 0.25 to 5 mg/kg for solids. 

1.2. This document accurately reflects current laboratory standard operating procedures (SOP) 
as of the date above. All facility SOPs are maintained and updated as necessary by the 
laboratory QA department. 

1.3. The associated method codes are CLP ILM03.0 (DV), CLP ILM04.0 (OU), SW846 
Method 9012A (QP), ASTM D4282-83, EPA 335.1 and 335.2 (CG), EPA 335.4 (02), 
and Standard Method 4500-CN-E (A4). 

2. SUMMARY OF METHOD 

2.1. The Cyanide, as HCN, is released by distilling/refluxing the sample with strong acid and 
is trapped in a sodium hydroxide solution. 

2.2. The sodium hydroxide solution is analyzed colormetrically on an autoanalyzer using the 
pyridine-barbituric acid method. 

3. DEFINITIONS 

) 

J 

3.1. Refer to the glossary in the Laboraioiy Quality Manual (LQM), latest version. 

4. INTERFERENCES 

4.1. Method interferences may be caused by contaminants in solvents, reagents, glassware, 
and other processing apparatus that lead to discrete artifacts. All of these materials must 
be routinely demonstrated to be free from interferences under conditions of the analysis 
by running laboratory method blanks as described in the Quality Control section. 
Specific selection of reagents may be required to avoid introduction of contaminants. 

4.2. Sulfides interfere, but can be eliminated by treating the sample with cadmium carbonate 
prior to analysis. 

5. SAFETY m 
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5.1. Procedures shall be carried out in a manner that protects the health and safety of all STL 
associates. 

5.2. Eye protection that protects against splash, laboratory coat, and appropriate gloves must 
be worn while samples, standards, solvents, and reagents are being handled. Disposable 
gloves that have been contaminated will be removed and discarded; other gloves will be 
cleaned. 

5.3. The health and safety hazards of many of the chemicals used in this procedure have not 
been fully defined. Additional health and safety information can be obtained from the 
Material Safety Data Sheets (MSDS) maintained in the laboratory. The following 
specific hazards are known: 

5.3.1. The following materials are known to be corrosive: Sodium Hydroxide 

5.3.2. Cyanide is a highly toxic compound that must be handled with care. The analyst 
must be aware of the handling techniques. 

5.4. Exposure to chemicals must be maintained as low as reasonably achievable, therefore, 
unless they are known to be non-hazardous, all samples must be opened, transferred and 
prepared in a fume hood, or under other means of mechanical ventilation. Solvent and 
waste containers will be kept closed unless transfers are being made. 

5.5. It is recommended that neat standards be purchased only as a last resort. The preparation 
of standards from neat materials and reagents {as well as glassware cleaning procedures 
that involved solvents such as methylene chloride) should be conducted in a fume hood 
with the sash closed as far as the operations will permit. 

5.6. Standards in solution may be diluted in the open laboratory when syringes and the like are 
utilized. 

5.7. All work must be stopped in the event of a known or potential compromise to the health 
and safety of a STL associate. The situation must be reported immediately to a 
laboratory supervisor. 

6. EQUIPMENT AND SUPPLIES 

6.1. Traacs 800 autoanalyzer 

6.2. Probe 0.016" 

6.3. Flowcell lOnm 
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6.4. Wavelength cell 570nm 

6.5. Manifold-Multitest cartridge with cyanide tubing 

6.6. 125 mL Erienmeyer flasks 

6.7. 100 mL, 250 mL, 1000 mL volumetric flasks 

6.8. Volumetric pipettes: various 

6.9. Top loading balance: capable of accurately weighing ± O.Olg. 

7. REAGENTS AND STANDARDS 

7.1. Reagents 

7.1.1. Cadmium carbonate: powder 

7.1.2. 1.25 N sodium hydroxide: Add 50 g of sodium hydroxide pellets (NaOH) to a 1 
liter volumetric flask and dilute to volume with reagent water. 

7.1.3. Phosphate buffer: Add 136 g of potassium phosphate - monobasic (KH2PO4) and 
2.8 g of sodium phosphate - dibasic anhydrous (Na2HP04) to 800 mL of reagent 
waler in a 1 liter volumetric flask. Mix, bring to volume with reagent water. Add 
3-5 drops of Brij-35 to 100 mL of Buffer prior to using. 

7.1.4. Chloramine-T reagent: Add 1.0 g of chloramine-T to a 250 mL volumetric flask 
and dilute to volume with reagent water. Prepare fresh daily. 

7.1.5. Pyridine reagent: Add 15.0 g of barbituric acid to a 1 liter volumetric flask. Add 
75 mL of pyridine and 15 mL of concentrated hydrochloric acid (HCl) and mix. 
Bring to volume with reagent water and store at 4°C ± 2°C in an amber glass 
bottle. 

7.1.6. 0.25 N sodium hydroxide: Add 200 mL of N NaOH to a I liter volumetric flask 
and dilute to volume with reagent water. 

7.1.7. Brij-35 

7.1.8. 30% Brij solution: Add 2 mL Brij-35 to 1000 mL reagent water. 

m 

% 
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7.1.9. Rhodanine indicator, purchased. 

7.1.10. 0.0192 N silver nitrate, purchased 

7.2. Standards 

7.2.1. Primary Source Cyanide Stock Standard, 1000 mg/L: Add 2.51 g of potassium 
cyanide (KCN) and 2.0 g of potassium hydroxide (KOH) to a 1000 mL volumetric 
flask and dilute to volume with reagent water. Mix well and store in glass amber 
container. Stable for 1-3 months. 

Note: This stock standard must be standardized prior to use. See Appendix I. 

7.2.2. Secondary Source Cyanide Standard, 1000 mg/L: Follow 7.2.1 using an altemate 
source of Potassium Cyanide (KCN). 

Note: This stock standard must be standardized prior lo use. See Appendix I. 

7.2.3. Calibration Standards (Water and Solid Matrices) 

7.2.3.1.Pipet the appropriate amount of cyanide standard into 100 mL volumetric. 
Add 20 mL 1.25N NaOH to each calibration standard (except the 1.0 
mg/L) and bring to volume with reagent water. Prepare weekly. 

Concentration 

100 mg/L 

10 mg/L 

1.0 mg/L 

*0.1 mg/L 

*0.05 mg/L 

*0.025 mg/L 

*0.01 mg/L 

*0.005 mg/L 

CN-

*Denotes calibration standards 

mLCN-

lOmL of 1000 mg/L 

10 mL of 100 mg/L 

10 mL of 10 mg/L 

lOmLof 1 mg/L 

5 mL of 1 mg/L 

25 mL of 0.1 mg/L 

10 mL of 0.1 mg/L 

10 mL of 0.05 mg/L 

Final Volume 

100 mL 

100 mL 

100 mL 

100 mL 

100 mL 

100 mL 

100 mL 

100 mL 
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NOTE: The 1 ppm CN standard is only good for the day it is prepared and is not 
preserved with NaOH. 

8. SAMPLE COLLECTION, PRESERVATION AND STORAGE 

8.1. Solid and liquid samples are not chemically preserved. Water samples are preserved with 
NaOH to a pH > 12. All samples are stored al 4°C ± 2°C in plastic or glass containers. 

8.2. The holding lime is fourteen days from sampling to analysis. 

*NOTE: Holding time for CLP is twelve days from receipt to analysis. 

9. QUALITY CONTROL 

9.1. Batch Definition 

9.1.1. A batch is a group of no greater than 20 samples excluding QC samples (LCS, 
Method Blank, MS, MSD) which are processed similarly, with respect to the 
procedure. All sample setups must be initiated within a 24 hour period from the 
initial preparation or extraction and without interruption of the process. All 
samples within the batch must be treated with the same lots of reagents and the 
same processes. 

9.2. Method Blank 

9.2.1. One method blank (MB) must be processed with each preparation batch. The 
method blank consists of reagent water containing all reagents specific to the 
method that is carried through the entire analytical procedure, including 
preparation and analysis. The method blank is used to identify any system and 
process interferences or contamination of the analytical system that may lead to 
the reporting of elevated analyte concentrations or false positive data. The 
method blank should not contain any analyte of interest at or above the reporting 
limit. 

9.2.2. CLP 

9.2.2.1. Each SDG (sample delivery group) must have one method blank (MB) 
processed per matrix and per twenty samples. If the SDG is distilled over 
multiple "racks", the method blanks must be distilled with the samples. If 
more than one SDG is on one rack, process one method blank per SDG 
and per matrix. The solid method blank is called "PBS" (prep blank solid) 
and the water method blank is called "PBW" (prep blank water). % 
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NOTE: A "rack" is one setup of cyanide samples and QC, and can encompass 1-
3 of the midi-distillation units. 

9.2.3. A reagent water blank consisting of 50 mL reagent water must be distilled and 
analyzed with each analytical batch of samples. See SOP NC-WC-0032 for 
distillation instructions. 

9.2.4. Corrective Action for Blanks 

9.2.4.1.If the analyte level in the method blank exceeds the reporting limit for the 
analytes of interest in the sample, all associated samples are reprepared 
and reanalyzed. If this is not possible due to limited sample quantity or 
other considerations, the corresponding sample data must be addressed in 
the project narrative. 

9.2.4.2.If there is no analyte greater than the RL in the samples associated with an 
unacceptable method blank, the data may be reported with qualifiers. 
Such action must be taken in consultation with the client and must be 
addressed in the project narrative. 

9.3. Laboratory Control Sample (LCS) 

9.3.1. One LCS from an independent source must be processed with each preparation 
batch. The LCS must be carried through the entire analytical procedure. The LCS 
is used to monitor the accuracy of the analytical process. On-going monitoring of 
the LCS results provides evidence that the laboratory is performing the method 
within acceptable accuracy and precision guidelines. 

9.3.2. A midrange LCS consisting of a 0.04 mg/L (2.0 mL of 1.0 mg/L to 50 mL) must 
be distilled and analyzed with each analytical batch of samples. See SOP NC-
WC-0032 for distillation instruction. 

9.3.3. The acceptance limits for drinking water samples is 90 - 110%. This is also the 
same value for CLP. 

9.3.4. CLP 

9.3.4.1. A LCS (which doubles as an ICV) is processed with each "rack". Even if 
multiple SDG's are on the "rack", only one LCS (ICV) needs to be 
distilled. 
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9.3.4.2.For solids process a solid LCS per SDG. The value for this LCS changes 
as the solid lot number changes each time a new one is ordered. The value 
is noted on the product certification. If more than one SDG is processed 
on a "rack", process a solid LCS for each one. If a SDG has solid sample 
distilled on a different "rack", then additional solid LCS's will need to be 
distilled. 

9.3.5. Corrective Action for LCS 

9.3.5.1.If any analyte is outside established control limits the system is out of 
control and corrective action must occur. 

9.3.5.2.Corrective action will be repreparation and reanalysis of the batch unless 
the client agrees that other corrective action is acceptable. 

9.4. Matrix Spike/Matrix Spike Duplicate (MS/MSD) 

9.4.1. One MS/MSD pair must be processed for each batch. A matrix spike (MS) is a 
field sample to which known concentrations of target analytes have been added. 
A matrix spike duplicate (MSD) is a second aliquot of the same sample (spiked 
identically as the MS) prepared and analyzed along with the sample and matrix 
spike. Some client specific data quality objectives (DQO's) may require the use 
of sample duplicates in place of or in addition to MS/MSD's. The MS/MSD 
results are used to determine the effect of a matrix on the precision and accuracy 
of the analytical process. Due to the potential variability of the matrix of each 
sample, these results may have immediate bearing only on the specific sample 
spiked. Samples identified as field blanks cannot be used for MS/MSD analysis. 

9.4.2. A MS/MSD consisting of 50 mL or 1.0 g sample and 0.04 mg/L spike (2.0 mL of 
1.0 mg/L to 50 mL) will be distilled and analyzed with every batch. See SOP NC-
WC-0032 for distillation instructions. This is also the same value for CLP. 

9.4.3. The acceptance limits for drinking water samples is 90 - 110%. 

9.4.4. Corrective action for MS/MSDs 

9.4.4.1.If the analyte recovery or RPD falls outside the acceptance range, the 
recovery of that analyte must be in control for the LCS. If the LCS 
recovery is within limits, then the laboratory operation is in control and the 
results may be accepted. If the recovery of the LCS is outside limits, 
corrective action must be taken. Corrective action will include ^ ^ ^ 
repreparation and reanalysis of the batch. ^mSf 

m 
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9.4.4.2.1f the native analyte concentration in the MS/MSD exceeds 4x the spike 
level for that analyte, the recovery data is reported as DIL (diluted out). 

9.4.4.3.If an MS/MSD is not possible due to limited sample volume then a 
laboratoiy control sample duplicate (LCSD) should be analyzed. The RPD 
of the LCS and LCSD must be compared to the matrix spike RPD limits. 

9.4.5. CLP 

9.4.5.1. Each SDG must have a sample duplicate and a matrix spike processed per 
matrix. Sometimes this requirement is waived by the client or PM but, if 
uncertain, make sure that these are done. Usually , the sample to be spiked 
is assigned, but not always. If a MS/MSD is created in receiving, either 
batch the MSD and "N/A" the result or have the MSD deleted. In either 
case, create a sample duplicate for the sample that is spiked when 
batching. If processin a SDG over more than one "rack", then there is no 
need to process additional matrix spikes and sample duplicates from 
"rack" (unless specifically requested). Typically, only one spiked/duped 
sample is required per SDG, even if the SDG is distilled over different 
days. 

9.4.5.2.Matrix spike for CLP consists of 50 mL or 1.0 g of sample and 100 ^g/L 
spike (5.0 mL of 1.0 mg/L standard). 

9.5. QC Acceptance Criteria 

9.5.1. Control limits are established by the laboratory as described in NC-QA-0018. 

9.5.2. Laboratory control limits are internally generated and updated periodically unless 
method specified. Control limits are listed in the Laboratory Quality Manual 
(LQM) and the latest is version easily accessible via the LIMs (QC Browser 
program.). 

9.6. Method Detection Limits (MDLs) and MDL Checks 

9.6.1. MDLs and MDL Checks are established by the laboratory as described in SOP, 
NC-QA-0021. 

9.6.2. MDLs are listed in the Laboratory Quality Manual (LQM) and the latest version is 
easily accessible via the LIMs (QC Browser program). 

9.7. Nonconformance and Corrective Action 
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9.7.1. Any deviations from QC procedures must be documented as a nonconformance, 
with applicable cause and corrective action approved by the facility QA Manager. 

10. CALIBRATION ANT3 STANDARDIZATION 

10.1. Summary 

10.1.1. The instrument is calibrated using five cyanide standards and a blank at the time 
of analysis. 

10.2. Initial Calibration 

10.2.1. The instrument is calibrated at the beginning of each run and is verified at the 
beginning of the run by using a midrange ICV. The correlation coefficient of the 
original curve must be > 0.995 or recalibration is required. 

10.3. Continuing Calibration 

10.3.1. The run is checked every ten samples and at the end of the run using a midrange . 
CCV to verify continued linearity. It cannot vary from the original curve by more } 
than ± 15% or recalibration is required. The previous 10 samples must be 
reanalyzed and bracketed by a CCV that passes criteria. The CCV is composed of 
the 0.025 ppm secondary standard. 

10.3.2. System cleanliness is checked every ten samples and at the end of the run using a 
CCB. It cannot contain the analyte of interest above the reporting limit or 
recalibration is required. The previous 10 samples must be reanalyzed and 
bracketed by a CCB that passes criteria. The CCB is 0.25N NaOH. 

NOTE: Base and gain values may change with new reagents, standards, lubing 
changes, or board cleaning. These values are for reference only. 

10.4. High and Low Standard 

10.4.1. The distillation technique is checked by distilling a high and low standard and 
comparing the values obtained to the standard curve. If the percent recovery is not 
within ± 10%, the analyst will submit a Nonconformance Memo for the analytical 
run. 

10.4.2. If the percent recovery is outside ±15%. the standard and samples will be ^ ^ 
redistilled and analyzed. f l S 
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n . PROCEDURE 

11.1. One time procedural variations are allowed only if deemed necessary in the professional 
judgment of supervision to accommodate variation in sample matrix, radioactivity, 
chemistry, sample size, or other parameters. Any variation in procedure shall be 
completely documented using a Nonconformance Memo and is approved by a Technical 
Specialist and QA Manager. If contractually required, the client shall be notified. The 
Nonconformance Memo shall be filed in the project file. 

11.2. Any unauthorized deviations from this procedure must also be documented as a 
nonconformance, with a cause and coirective action described. 

11.3. S ampl e Preparati on 

11.3.1. See cyanide distillation SOP: NC-WC-0032. 

11.3.1.1.The sample is distilled/refluxed under acidic conditions for one hour. 
The released HCN is trapped in 50 mL of 0.25 N NaOH solution. EPA 
Method 335.4 says to reflux for one and a half hours. 

NOTE: CLP samples are distilled for one and a half hours. 

11.3.2. Sample Preparation Procedure 

11.3.2.1.All Samples:Test each sample for the presence of sulfides using lead 
acetate paper. If sulfides are present, treat the sample with powdered 
cadmium carbonate. Yellow cadmium sulfide precipitates if the sample 
contains sulfide. Repeat this operation until a drop of the treated sample 
solution does not darken the lead acetate test paper. Filler the solution. 
Avoid a large excess of cadmium carbonate and long contact time in order 
to minimize loss by complexation or occlusion of cyanide on the 
precipitated material 

11.4. Sample Analysis 

11.4.1. Summary 

11.4.1.1.The sample distillates are analyzed on the autoanalyzer for cyanide using 
the automated pyridine-barbituric method. 
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11.4.2. Recommended Instrument Conditions 

11.4.2.1.See Manufacturer's information for operation instructions. 

11.4.2.2.Start Up Solutions (and Wash Solutions) 

11.4.2.2.1.All lines in 0.25N NaOH solution: 

11.4.2.2.2.Then all lines in 30% Brij solution. 

11.4.2.3.Running Solutions 

11.4.2.3.1.Two DI water lines (orange/green) in 30% Brij solution 

11.4.2.3.2.Red/Red in pyridine reagent 

11.4.2.3.3.Orange/red in chloramine-T reagent 

11.4.2.3.4.White/while in phosphate buffer solution 

11.4.2.4.Base and Gain 

11.4.2.4.1.Performed on the 0.1 mg/L standard 

11.4.2.4.2.Approximate values: Base = 75 Gain =150 

*These values are for reference only and may change with new reagent or standard 
preparations. 

11.4.2.5.Trouble shooting for poor Base and Gain or baseline noise 

11.4.2.5.1.Place reagent lines 1-3 back in Brig solution and run on high for 
five minutes. Place all 5 lines (1-5) and probe line in 1.25 N 
NaOH solution and run on high for five minutes. Place lines back 
in appropriate "start-up" solutions and run on high for five 
minutes. 

Place lines back in reagents and perform another base and gain 
when the baseline has stabilized. 

11.4.3. Sample Analysis Procedure 

) 

# 

% 
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11.4.3.1.See Manufacturer's information for operating instructions. 

11.4.3.2.A calibration curve is analyzed at the beginning of each run. The 
correlation coefficient must be > 0.995 lo continue. 

11.4.3.3.CCV's and CCB's are analyzed at the beginning, end, and between every 
10 samples. CCV's must be prepared from a secondary source. 

11.4.3.4.Sample distillates higher than the highest calibration standard (0.1 mg/L) 
must be diluted with 0.25 N NaOH and re-analyzed. 

11.4.3.5.Any samples analyzed after a high sample must be re-analyzed if 
carryover is suspected. 

11.4.3.6.CLP 

11.4.3.6.1. If more than one SDG is distilled on one rack, they may be 
analyzed together. Each SDG should have its own method 
blank(s), its own LCS-S (if samples are solids), and its own sample 
duplicate and matrix spike. If the SDG has been split over multiple 
distillation "racks", then you may not have a duped/spiked sample 
for each batch. You should have method blanks and, if solids, 
LCS's for each batch. An ICV (LCS) is distilled with each "rack'". 
If more than one SDG is distilled on a "rack", then the ICV (LCS) 
distilled with that rack must be analyzed with the samples. If the 
samples from a multiple SDG "rack" are analyzed together, then 
the ICV needs to be analyzed only once; if they are analyzed on 
different runs, then the ICV (LCS) needs to be analyzed with each 
run. 
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11.4.3.7.Tray Protocol (Run Order) 

Normal Tray Protocol 

1. Calibration 

2. ICV (CCV) 

3. ICB (CCB) 

4. MD 

5. LCS 

6. UP to 8 more samples 

7. CCV 

8. CCB 

9. Up to 10 samples 

10. CCV 

l l .CCb 

CLP Tray Protocol 

12. Calibration 

13. Distilled ICV (LCS) 

14. ICB 

15. 

16. 

17. 

CCV 

CCB 

PBW 

18. PBS (If solids are in SDG) m 
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19. LCS-S (If solids are in SDG) 

20. Sample 

21. Sample duplicate 

22. Sample MS 

23. Sample MS @ 2x dilution 

24. Sample A-spiked* 

25. Up to 2 more samples 

26. CCV 

27. CCb 

28. Up to ten more samples 

29. CCV 

30. CCb 

*A-spike = 2 mL of sample + ImL of A-spike solution 

A-spike solution = 0.8 mL .25N NaOH. -1-3.2 mL 0.05 ppm T standard 

11.5. Analytical Documentation 

11.5.1. Record all analytical information in the ana])iical logbook/logsheet, including the 
analytical data from standards, blanks, LCSs, MS/MSDs, and any corrective 
actions or modifications to the method. 

11.5.2. All standards are logged into a department standard logbook. All standards are 
assigned an unique number for identification. Logbooks are reviewed by the 
supervisor or designee. 

11.5.3. Documentation such as all associated instrument printouts (final runs, screens, 
reruns, QC samples, etc.) and daily calibration data corresponding to all final runs 
is available for each data file. 
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11.5.4. Sample results and associated QC are entered into the LIMs after final technical 
review. 

12. DATA ANALYSIS ANT> CALCULATIONS 

,^ , rj. , ^ J , , mg / LCN'from printout X 50 ^ 
12.1. Total Cyaiude, mg / L = —^ x D 

mL of sample distilled 

m 

, ^^ „ ,„ . , , , mg / LCN'from printout X 50 ^ 
12.2. Total Cyanide, mg / kg = —^ ^-^^ x D 

g of sa 171 pie distilled. 

12.3. Amenable Cyanide, mg / L = Total CN (mg / L) - Chlorinated CN (mg I L) 

J 
Where: 

mg/L = can also be mg/kg 

Final Volume of Dilution 
D = Dilution Factor = 

Volume of Sample Distillate Used 

NOTE: Free cyanide has the same calculations as Total cyanide 

12.4. LCS Recovery: 

Instrument Value ,^^ ^ „ 
xlOO = % Recovery 

0.04(true) 

12.5. CCV Recovery: 

Instrument Value 

0.025 (true) 
X 100 = % Recovery 

• 
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NOTE: CCV recovery must be between 85 • 115% for data to be acceptable. If CCV recovery is not 
within these limits, reanalysis is required 335.4 says 10%. 

12.6. MS/MSD Recovery for Waters and solids: 

A - B 
X 100 = % Recovery 

0.040 (true) 

Where: 

A = Instrument value MS/MSD 

B = Sample instrument value 

13. METHOD PERFORMANCE 

13.1. Each laborator}' must have initial demonstration of performance data on file and 
corresponding method detection limit files. 

13.2. Training Qualifications: 

13.2.1. The group/team leader has the responsibility to ensure that this procedure is 
performed by an associate who has been properly trained in its use and has the 
required experience. 

13.2.2. Method validation information (where applicable) in the form of laborator)' 
demonstrations of capabilities is maintained for this method in the laboratory QA 
files. 

14. POLLUTION PREVENTION 

14.1. This method does not contain any specific modifications that serve to minimize or 
prevent pollution. 

15. WASTE MANAGEMENT 

15.1. All distillates can be rinsed down the drain with large amounts of water unless they 
contain high levels of Cyanide. If they are highly concentrated, they must be disposed of 
in the liquid waste container. 

15.2. Solvent waste must be disposed of in clearly labeled waste cans. 
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15.3. Acid waste must be collected in clearly labeled acid waste containers. 

15.4. Solid materials (gloves, soiled paper products, etc.) are placed in the solid debris 
container. Do not put liquids in the solid waste container. 

15.5. Refer to the Laboratory Sample and Waste Disposal plan. 

15.6. Laboratory personnel assigned to perform hazardous waste disposal procedures must have 
a working knowledge of the established procedures and practices of STL. They must 
have training on the hazardous waste disposal practices upon initial assignment to these 
tasks, followed by an annual refresher training. 

16. REFERENCES 

16.1. References 

16.1.1. SW846, Test Methods for Evaluating Solid Waste Method 9012 A, and its 
updates 

16.1.2. EPA 600; Cyanide, Total and Cyanide, Amenable to Chlorination; Methods 
335.2, March 1983 

16.1.3. Standard Methods for the Examination of Water and Wastewater, Eighteenth 
Edition: Weak and Dissociable Cyanide; Method 4500-CN-E 

16.1.4. USEPA CLP SOW ILM03.0 and ILM04.0, Section D - Cyanide Midi Distillation 

16.1.5. Corporate Quality Management Plan (QMP), current version, 

16.1.6. STL Laboratory Quality Manual (LQM), current version 

16.2. Associated SOPs and Policies, latest version 

16.2.1. QA Policy, QA-003 

16.2.2. Glassware Washing, NC-QA-0014 

16.2.3. Statistical Evaluation of Data and Development of Control Charts, NC-QA-0018 

16.2.4. Method Detection Limits and Instrument Detection Limits, NC-QA-0021, 

16.2.5. Navy/Army SOP, NC-QA-0016 

J 

% 

% 
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16.2.6. NC-WC-0032, Cyanide Preparation Method 

17. MISCELLANEOUS (TABLES, APPENDICES, ETC..) 

17.1. Reporting limits 

17.1.1. The reporting limit (RL) is 0.01 mg/L for waters (50 mL used) and 0.50 mg/kg for 
solids (1.0 g used). The reporting limit for solid samples performed only under 
the Michigan program is 200 Ug/kg for solids (2.5 g used). The lowest level of the 
calibration curve can be used as the reporting limit upon request. 

17.1.2. If samples require dilution or smaller volumes than specified in this method, the 
RL will be elevated. 

17.2. Troubleshooting guide for poor Base and Gain or baseline noise 

17.2.1. Place reagent lines 1-3 back in Brig solution and run on high for five minutes. 
Place all 5 lines (1-5) and probe line in 1.25 N NaOH solution and run on high for 
five minutes. Place lines back in appropriate "start-up" solutions and run on high 
for five minutes. 

Place lines back in reagents and perform another base and gain when the baseline 
has been stabilized. 

17.3. Method Deviation (9012A335.2) 

17.3.1. Method of Standard Addition is not performed for samples with matrix 
interference (sulfides). 

Appendix I - Cyanide Standardization 

1. Pipet 10.0 mL of the 1000 ppm stock cyanide standard into a 250 mL Erienmeyer flask and add 90 
mL of reagent water. 

2. Add 0.5 mL (10 drops) of Rhodanine indicator. 

3. Titrate with 0.0192 N silver nitrate (using a micro burette) until the color changes from yellow to 
pink/orange. 

4. Titrate a blank (100 mL reagent water) following steps 2 and 3. 

5. Calculation: 
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r .^ n (A-B) (1000) 
Cyan)de. mg /L = 

mL Cyanide Solution (10) 

Where: 

A = mL lit rani for standard 

B = mL litrani for blank 

6. If the cyanide concentration is not 1000 ppm, adjust concentration accordingly. 

J 

% 
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CONESTOGA-ROVERS & ASSOCIATES 
JOB NAME: Waukegan Manufactured Gas and Coke Plant 
JOB NO: 19023 
PRESERVED? YES NO (Circle) 

HNO3 HCl NaOH H2SO4 NaOH/ZnOAc Other 

MONTH/DAY/YEAR: TIME: 

SAMPLE ID: 

SAMPLER'S SIGNATURE:. 

LAB SAMPLE ID: 

EXAMPLE SAMPLE LABEL 

EXAMPLE CUSTODY SEAL 



CRA 
CONESTOGA-ROVERS & ASSOCIATES 
8615 W. Bryn Mawr Avenue 
Chicago, Illinois 60631 (773)380-9933 

CHAIN OF CUSTODY RECORD 

SHIPPED TO (Laboratory Name): 

REFERENCE NUMBER: 

SAMPLER'S PRINTED 
SIttNATURF; NAME: 

SEQ. 
No. 

DATE TIME SAMPLE No. 

^ 
,+<--
y ^ 

SAMPLE 
MATRIX 

^ 

^ 

TOTAL NUMBER OF CONTAINERS 

RELINQUISHED BY: 

® 
RELINQUISHED BY: 
(D 
RELINQUISHED BY: 

(D 

DATE: 
TIME: 

DATE: 
TIME: 

DATE: 
TIME: 
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PROJECT NAME: 

P A R A M E T E R S / / / / / / / / / 

/ / / / / / / / / / REMARKS 

^ 
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r 
-

RECEIVED BY: 

(D 
RECEIVED BY: 

(D 
RECEIVED BY: 

(i)._.. _. . 

DATE: 
TIME: 

DATE: 
TIME: 

DATE: 
TIME: 

METHOD OF SHIPMENT: AIR BILL No. 

White -Fu l l y Executed Copy 
Yellow -Rece iv ing Laboratory Copy 
PinP 
Golc 

c 
Jenrod 

- S h 
- S a 

pper Copy 
mpler Copy 

SAMPLE TEAM: RECEIVED FOR LABORATORY BY: 

DATE: TIME: _ 5258 
1001 rFORMS^-OCT 24/96-REV.0- fCHF-01 ̂  
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r i (;,i;FedExExiraHours 
i jDr i ln iMf lwahnaabui lmi 

^ ^ ^ ^ Btom>llll<W>Vta'l'itW'l8CI>00!t 

Ab Express Freight Service 

• FedExlDayFrelghr 
Nnt buMwH day 

• C»i fw Conftrmrton-

r~| FedEx 20fly Freight 
I—> '^^cnndbuHiindiv 

OMvtiv convntmtnt may b i l a w ffl u i r a t m n . 

n FedEx 3DBY Freight 
<—• ThMbmomadiy 

5 Packaging 

[ _ ] FedEx Envelope* 

'OMt i radviKi t lu iut tnO 

n FedEx Pak* 
inehidt* HOtx Srnill Pak. FfldEx 

u m t P U Bfid M b Sunrv Pik 

jSTothBrPkg; 
7 i n c t u d n M E i l InchMUt F n E i Bo^ r c d d 

Tkibi, and cintiunir ( *B -

6 Special Handling 
— SATUnOAYDdivsry 

FidEx Pnorttv (KamDh and 
FidEx ZOaytD Iff!Kt ZIP coital 

— HOLDWeekdar 
| _ | at FedEx Location 

FtdExftfttOveiruint 

DoMuilt Bnipfnafll '^'**'*" dsHBinKia goodi? 

,—, HOmSotunlay 
L J at FedEx Location 

^vr j l . t f l l lu i i ^ V i ' . 1 ' 
FtdEx Ptwnr Ontr isht i r r i 
FidEi2DivtDH' • 

QN" or??, • Dry Ice 

OmaireinQostftlind O r y l t . | u n « b i i t i j p p . d n F i d b i p . c t . g i H w n ( a i 
f«dtii faifi Ham n r w c 

[ Z ] Cargo AircraftOnly 

7 Payment Bi i i ia 

r n Sender n Recipient 
— Aca No n Simon — 

iMttbtUM. 

• Third Patty • Cred'tCatd Q Cash/Check 

Total Pscksgas ToM Weight TolalDnlaialVBhnt 

S 00 

tpur habriny is l lmiuil taSIflO un ion you doclara i ntahor v l lu t . Sao faick fcr ditaita. 
FedEx UiB Only 

B Release Signature swn •uf lunj t oobtwy witiom M u m t o jjpnMwo 

0198317575 

By sisnmB you lultuirl ia u t to dtlivar t t n shrtimtnt witfioiA obutntno a atgnaun 
and a v i i to ndamnify and hold u i hanniaiN tram any m u i u t g clasna. 
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